j TOC
owa Design Manual
Chapter 5 - Roadway Design

— SUDAS Table of Contents

Table of Contents

Chapter 5 - Roadway Design

5A  General Information

5A-1 General Information
N 011 [T o | APPSR 1
B, RETEIENCES. ..ot e e 1

5B  Street Classifications

5B-1---- Street Classifications
A GENEIAL. .. 1
ST AN ¢ (< F IS (=11 £ TR 1
ORI 00 | [Tt (0] G 1 (<11 TP TP 2
[ I Yo | IS £ =T=] (TR 2
T S A (I 1 (L1 TP ST 2

5C Geometric Design Criteria

5C-1---- Geometric Design Tables
AL GENETAL. ... 1
B. Design Controls and Criteria..........cccoeviiiiiiciieie e 1
C. Roadway DesSign TabIeS.........coviiiiiiiiieieiee e 3
D, RETEIBINCES. .. viitie ettt sttt sttt ste et e be e e neesaestaenbenbenreeneas 9
5C-2---- Geometric Design Elements
AL LeVEl OF SBIVICE. ... i 1
B. Sight DiStanCe...... ..ottt 2
C. Horizontal AlIgnment....... ..o 6
D. Vertical ALGNmMENt. ... ....o.ouiuieiii et 9
E. Pavement CrOWNS. . ...ttt et e eee e 12
FooLane Width. ... 12
G. Two-way Left-turn Lanes..........coiiiiii e 12
H. Raised Median Width............ccooiiiiii e 13
R =1 € To (o[- S OO UUP 13
Jo CHEAI ZONE. .. .o 13
K. ODBJect SEthACK. ......eiit i 15
I =TT (o (= g N =Y OSSOSO 15
ML CUIDS. e 15
N, Parking Lane.......co oottt 16
O, CUI-AB-SACS. .. ettt et 16
P. Shoulder Width....... ..o, 16
Q. INterseCtion RAGII........ccccviiieeieciic e e 17
R. Pavement ThICKNESS.........coiiiieieccriccree ettt bbb e 17
S RETBIENCES. .. 17

i Revised: 2013 Edition



Chapter 5 - Roadway Design Table of Contents

5D Asphalt Pavement Mixture Selection

5D-1 Asphalt Pavement Mixture Selection
N o o] o= 1
B, DEIINITIONS. ....eitiiiee sttt sttt sre et sbenrennens 1
C. DeSIigN CheCKIISL.......ueiieieceeceee et ne e 2
D. Material Properties. ... ..ovirineii i e e 6
E. Use of Mixture Selection Guide and Design Criteria Tables.......................... 6
F.o EXample PIans. ... 7
G. Examples for Determination of Traffic ESALS.......c.ccccccviiiiiiieieicsc e 7
H. Tablesand FigQUIeS.........oouiniitii i e s 9

5E PCC Pavement Mixture Selection

5E-1-- PCC Pavement Mixture Selection
A. General Information. .......ooviitt e 1
B. Cementitious MaterialS............coviiiiiiiiicie et 1
C. Supplementary Cementitious Materials............ccocovviiniiniiiininense e 3
D T4 7. 1 6
E. Chemical AQMIXEUIES.......coooivii ittt sttt s s e s sba e ba e e 9
Y V1 1 S 10
LT AN Tt 011 £= 1011 01T 0| R 10
H. SIUMP... e 11
I 70 1 o3 (< (=AY B D < 111 (1 T 12
N = (=Y (<] (=1 [0TSR 15

5F Pavement Thickness Design

5F-1 Pavement Thickness Design
F N 1< T ¢ | P 1
B. Pavement Thickness Design Parameters........c.ccecveveieieiecieene s 2
C. Calculating ESAL ValUES..........coooiiiiiiiiiiitieeeese s 11
D. Determining Pavement Thickness............covvvriviiiiiiiiiiiiiiiiie e 20
E. Example Pavement Thickness Design Calculations............cccooevvevevciiiievieineane, 25
Fo RO OIENCES. ... 28

5G PCC Pavement Joints

5G-1 General Information for Joints
A, General INfOrmation..........o.iuiii e 1
B. Crack Development..........o.viiiii i 2
L OT O - Uod 1 @0 ] 1 (] PSSP 3
D. Considerations for Good Pavement JOINTING...........ccoerviririneneneine e 4
E. LA TIaNSTOr .. ..ottt sbe e s be e be e sbe e sre e sreeeais 5

5G-2 Types of Joints
AL JOINEINE. ettt 1
B. JOINt SPaCINg.....cuiiriiiii i e 1
. J0INE Ty B ettt e e e e 1
D. Transverse Dowel Bar Sizeand Length............coooiiiiiiiiiiiiie, 14
E. Joint Reinforced Concrete PAVEMENTS.......coviieeiiciiececee ettt 14
F. Miscellaneous PCC Pavement Jointing Figures.............c.cccooeiiiiiiiiinnnn 17
G R OIONCES. ..ot 22

ii Revised: 2019 Edition



Chapter 5 - Roadway Design Table of Contents
5G-3 Jointing Urban Intersections
A. Jointing Urban TranSition ATE&S...........cccuiiiriieieisiniese e 6
2 N ToT 1) ] 1o [ O U] R Lo Vol PP 15
5G-4 Jointing Rural Intersections
A. Example L: T-INtersection. ... ...c.ooii i 1
B. Example 2: Intersection at a Divided Highway...........ccccovviveviiicincvese e 4
5G-5-m-mmm e Jointing Concrete Overlays
A. General Information.............oiiiiiiiiiii e 1
B. Bonded Concrete OVerlays..........vuevriiiiiiiiiiiiii ittt eeee e e eeeeesnenenes 1
C. Unbonded Concrete OVErlays.........vvveieeiiiiiiiiiitiii et eiee e ee e venenes 2
D. RETEIBINCES. .. .ottt bbbttt e sa e e 4
5G-6 Jointing Concrete Roundabouts
A. General Information..........c.oouiiiiiiiiiii i 1
B. Types of JOINting Patterns...........oovviiiiririiii e e 1
C. JoINting Layout StePS. . .ottt ettt ettt e ee e e e eraees 3
5H Automated Machine Guidance
5H-1 Automated Machine Guidance
N 7 ) s < o | 1
B. Deliverables and COMPULET INPULS.........couiiiiieieiniseneee e 1
C. What to Include/Not Include in 3D Engineered Models.......................c.e..e. 3
D. Component Naming........ccueuueritintententataterteeaeaeateeteeemeaneaeanss 3
E. B0 LELHING....ciiiiiiiiiiieeee ettt 3
F. Construction Staking ReqUIremMents. ... ....oovvririiiiii e, 4
G. Survey Control for AMG Grading..........c.oooiiriiiiiii e 4
H. Survey Control for Stringless Operations...........c.coeverininenenensese e 5
I QUAlity ASSUIANCE. ... ueitttt ettt et e, 6
g RETEIBNCES. ...ttt 6
Sl Pavement Preservation Program
51-1 General Information for Pavement Preservation Program
AL COMCEPL. ettt e 1
B. DEfINItiONS. . ...ooiiuiiieiieeieceee et e ettt e et e et e e rre et e e nbe e nare e 1
. B It oot 2
51-2 Pavement Preservation Process
A. Pavement Deterioration...........uuueriietititteteteiire et et eieateearieesenreanens 1
B. Evaluating Pavement Conditions..........coccooveiiriiinie e 2
51-3 Preventative Maintenance Treatment Type Selection
AL TNErOAUCTION. .. .ot 1
B. Flexible Pavement TreatmMent TYPES......ccooiiieririieeieie e seenee e 1
C. Rigid Pavement Treatment TyPeS.....c.viuriiirtititiiiiii i eieeieerreereaann 3
B G 1) (11171 6

Revised: 2019 Edition



Chapter 5 - Roadway Design

Table of Contents

5J

oK

oL

51-4 Thin Maintenance Surfaces
AL GBNEIAL L 1
B. Seal Coat. ... .o 1
C. STUITY Seal. .. .ttt 3
D. MICTOSUITACINE. ...\t eitt ettt ettt et et et et e e et et e e et et e ete et areaneaneanns 3
E. FOg Seal. ... 4

Pavement Rehabilitation Program

5J-1--- - Overlays
AL GENEIAL .. 1
B. ConCrete OVETlays. ... .. cooiiiiieiieiierieieere et 1
LT & 1Y N 0 15 £ 8
D. RETEIBNCES. ...ttt sttt be et et naeereenae e 10

5J-2--- Cold-in-Place Recycling
AL GENEIAL .. 1
B. Pavement ASSESSMENT.......cueiiiieiiie i eree ettt s 1
LT Y 5 QD 1] 4o U 3
D. Recycling Agents and AGITIVES. ..........coeieirinineieisee s 3
E. COnStIUCHION. ...\ttt e e e e e 4
F. RE OIeNCES. .. o 5

5J-3--- Full Depth Reclamation
AL GBNEIAL. ..o 1
B. PaVvemMENt ASSESSIMENL......cciuiiiiiiieitie sttt sttt sttt s sre b nreas 2
LT Y 55 QD 1] 4o U 3
D. Stabilization MethodsS. ... 3
B, CONSIIUCHION. ..\ttt e e et et 5
Fo RE OIENCES. . .o 7

Permeable Interlocking Pavers

5K-1 Permeable Interlocking Pavers
AL GeNETAL .. e 1
B.  SErUCLUrAl DESIGN....c.eiiviiiiie ettt re e e eas 2
C. Hydraulic Desi@n.......c.cvuiiuiiiiiit i e 3
D. Construction Elements.............coooiiiiiiii e 6
E. Maintenance. .......ovviiirtt ittt et et e e 6

Access Management

5L-1-- General Access Management
A. General Information.............oooiiiiiii i e 1
B. ACCESS PErMIt PrOCEUUNE. ......eeiveeiviicieeeesie s teeseesre e te et sre e srnesreesreesneesreesree e 1
C. DN IONS. ...ttt e e 1
D ENIANCE T8 ittt ettt st b et ab e bbb e 2
E. Access Management PriNCIPIES.........ooviiiiiie i 2
Fo REIEIENCES. .. .o 3

Revised: 2019 Edition



Chapter 5 - Roadway Design

Table of Contents

SL-2-- mmmmmmmmmeenees Transportation System Considerations
A. Provide a Specialized Roadway System (Principle 1)............coooviiiiiinninnn. 1
B. Limit Direct Access to Major Roadways (Principle 2)................coooiieenn... 1
C. Promote Intersection Hierarchy (Principle 3)..........cooiiiiiiiiiiiiiiiiiiii, 1
D. Locate Signals to Favor through Movements (Principle 4).................ccoveeee 1
E. Provide a Supporting Street and Circulation System (Principle 10)................. 2
BL-3--mmmmmmme e Access Location, Spacing, Turn Lanes, and Medians
A. Preserve the Functional Area of Intersections and Interchanges (Principle 5)......1
B. Limit the Number of Conflict Points (Principle 6)..............ccooiiiiiiiiiinanns 2
C. Separate Conflict Areas (Principle 7).......c.covvriiiriiiiiiiiiiiiiiiei e eeeee e 2
D. Remove Turning Traffic from Through-traffic Lanes (Principle 8).............cc........ 7
E. Use Nontraversable Medians to Manage Left Turn Movements (Principle 9).......8
Fo RO OIENCES. . .ttt e 10
5L-4-- e Driveway Design Criteria
AL GENEIAL. .. 1
B. Width Measurement..........o.ouiiiii e 1
C. DIMENSIONS. ...ttt e e e 2
D. Sight DiStanCe. ... ..ot 4
E. DIIVEWAY GFAdES.......coiieiietiiteeiie e sieiesteste e et ste s e e be e stestaetaenbesaeenaeneenre e 5
@ 14 1- T G O 4 (=] - PSSR 7
G, RETEIENCES. ....eiiiiiciiccce ettt b et e 8
5M  Complete Streets
5M-1--- Complete Streets
A, Background...... ... 1
B. DESION GUIAANCE........ecieiiiiie ettt sttt st beebeera et s resre e 2
C. Design EIBMENtS. .. ..ottt 3
D. Traffic Calming........cooouiniititit i 8
E. ReferenCes. ...t 9
5N Traffic Impact Studies
5N-1 Traffic Impact Studies
AL GENETAL. ... 1
B. STUAY PIOCESS......otiteiiieiiititee ettt 1
C. Towa DOT AcCess Permits. ... ....ooiuriiiiti it e e, 3
D. R CIeNCES. ..o e, 3
50 Railroad Crossings
50-1 Railroad Crossings
A. Railroad Crossing Improvements. ............ouviuieririterieneniieneerieneeeeaen, 1
B. Railroad Crossing CONStrUCION. ... ..vvvttiet ittt eteeie et eeeneaneeneeenieeninenenss 1
C. Working with a Railroad...............oiiiiiiiii e 1
D. Railroad Related Agencies in Towa...........cooeiiiiiiiiiiii i, 2
E. Railroad Companies iN TOWAL.........ccooiiiiieie i 2

Y, Revised: 2019 Edition






j S5A-1
owa Design Manual
Chapter 5 - Roadway Design

SUDAS 5A - General Information

General Information

A. Concept

The primary consideration of this chapter is that all new roadways and major reconstruction of
existing corridors provide for safe, efficient, and economic transportation throughout the design life
of the roadway. The values contained herein, specifically under design criteria, are to be considered
basic design guidelines that will serve as framework for satisfactory design of new street and highway
facilities. The Project Engineer is encouraged to develop the design based on this framework and
tailored to particular situations that are consistent with the general purpose and intent of the design
criteria through the exercise of sound engineering judgment.

The design criteria provided herein are divided into two classifications: preferred and acceptable.
Designers should strive to provide a design that meets or exceeds the preferred criteria. Situations do
arise that require special considerations; therefore, to eliminate hardships or problems, the Engineer
may allow an exception to the preferred design criteria upon submittal of justification for such
variances by the Project Engineer.

Cost effective design is encouraged along with the joint use of the transportation corridor and the

consideration of the environment. The values contained herein are not intended as criteria for
resurfacing, restoration, or rehabilitation projects.

. References

The design for roadway facilities should comply with the current edition of the following references,
unless a specific edition is cited:

Jurisdiction Supplemental Design Standards.

The American Association of State Highway and Transportation Officials (AASHTO). A Policy on
Geometric Design of Highways and Streets (“Green Book™).

The American Association of State Highway and Transportation Officials (AASHTO). Roadside
Design Guide.

The U.S. Department of Transportation - Federal Highway Administration. Manual on Uniform
Traffic Control Devices (MUTCD) and Traffic Control Device Handbook.

Transportation Research Board. Highway Capacity Manual.

The Institute of Transportation Engineers. Transportation and Traffic Engineering Handbook.
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Street Classifications

A. General

The classifying of streets and highways is necessary for communication among engineers,
administrators, and the general public. Streets can be classified based upon major geometric features
(e.g. freeways, streets, and highways), route numbering (e.g. U.S., State, and County), or
Administrative classification (e.g. National Highway System or Non-National Highway System).
However, functional classification, the grouping of streets and highways by the character of service
they provide, was developed specifically for transportation planning purposes and is the predominant
method of classifying streets for design purposes. For urban areas, the functional classification
hierarchy consists of major arterials, minor arterials, collectors, and local streets.

The information contained in this section is based on AASHTO criteria. The Project Engineer should
use the various AASHTO publications and particularly the current edition of AASHTO’s "Green
Book" to verify the application of values provided herein when complex design conditions or unusual
situations occur.

B. Arterial Streets

1. Major (Principal) Arterial: The major arterial (referred to as a principal arterial by AASHTO)
serves the major center of activities of urbanized areas, the highest traffic volume corridors, the
longest trip, and carries a high proportion of a total urban travel on a minimum of mileage. The
system should be integrated both internally and between major rural connections.

The major arterial system carries most of the trips entering and leaving the area as well as most of
the through movements bypassing the central city. In addition, significant intra-area travel such
as between central business districts and outlining residential areas, between major inner-city
communities, and between major suburban centers, is served by major arterials. Frequently, the
major arterial carries important intra-urban as well as inter-city bus routes. Finally, in urbanized
areas, this system provides continuity for all rural arterials that intercept the urban boundary.

Access to private property from the major arterial is specifically limited in order to provide
maximum capacity and through movement mobility. Although, no firm spacing rule applies in all
or even in most circumstances, the spacing between major arterials may vary from less than 1
mile in highly developed central areas to 5 miles or more in developed urban fringes.

2. Minor Arterial: The minor arterial inter-connects with and augments the major arterial system.
It accommodates trips of moderate length at a somewhat lower level of travel mobility than major
arterials. This system places more emphasis on land access but still has specific limits on access
points. A minor arterial may carry local bus routes and provide intra-community continuity but
ideally does not penetrate identifiable neighborhoods. This system includes urban connections to
rural collector roads where such connections have not been classified as urban major arterials.

The spacing of minor arterials may vary from 1/8 to 1/2 mile in highly developed areas to 2 to 3
miles in suburban fringes but is not normally more than 1 mile in fully developed areas.

1 Revised: 2018 Edition
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C. Collector Streets

The collector street system provides both land access and traffic circulation within residential
neighborhoods and commercial and industrial areas. It differs from the arterial system in that
facilities on the collector system may penetrate residential neighborhoods, distributing trips from the
arterials through the area to their ultimate destinations. Conversely, the collector street also collects
traffic from local streets in residential neighborhoods and channels it into the arterial system. In the
central business district, and in other areas of similar development and traffic density, the collector
system may include the entire street grid.

1. Major Collector: This type of street provides for movement of traffic between arterial routes
and minor collectors and may collect traffic, at moderately lower speeds, from local streets and
residential and commercial areas. A major collector has control of access to abutting properties
with a majority of access at local street connections. Normally, a slightly higher emphasis is
placed on through movements than direct land access.

2. Minor Collector: This type of street provides movement of traffic between major collector
routes and residential and commercial local streets as well as providing access to abutting
property at moderate low speeds. Consideration for through movements and direct land access is
normally equal.

D. Local Streets

Local streets allow direct access to abutting land and connections to the higher order street systems.
They offer the lowest level of mobility and deliberately discourage major through traffic movements.

E. Private Streets

Certain Jurisdictions allow private streets in specific situations. Private streets are similar to the local
streets but generally are located on dead-end roads less than 250 feet in length, short loop streets less
than 600 feet in length, or frontage roads parallel to public streets. Design criteria for local private
streets are not included in this manual. The Jurisdiction should be contacted to determine if they are
allowed.

2 Revised: 2014 Edition
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Geometric Design Tables

A. General

The following sections present two sets of design criteria tables - Preferred Roadway Elements (Table
5C-1.01) and Acceptable Roadway Elements (Table 5C-1.02). In general, the “Preferred” table
summarizes design values taken from the AASHTO’s “Green Book” that may be considered
“preferred” while the “Acceptable” table represents AASHTO minimums or practical minimums not
covered in AASHTO.

Designers should strive to provide a design that meets or exceeds the criteria established in the
“Preferred” table. For designs where this is not practical, values between the “Preferred” and
“Acceptable” tables may be utilized, with approval of the Engineer.

The Federal Highway Administration has modified some of the controlling geometric design criteria
for projects on the National Highway System (NHS). These changes were based on an analysis of the
13 controlling criteria reported in NCHRP Report 783 and are incorporated in 23 CFR 625. The
changes include reducing the number of criteria to 10 by eliminating bridge width, vertical alignment,
and horizontal clearance since those elements were covered under another criteria or they were found
not to have significant operational or safety impacts. For lower speed facilities with a design speed of
less than 50 mph, the controlling criteria only includes design speed and structural capacity.

However, since all projects on the NHS, regardless of funding source, must meet the design
guidelines in the lowa DOT Design Manual, which includes the FHWA criteria, SUDAS has not
modified the geometric design criteria contained herein that is used for locally funded and non-NHS
Federal-Aid projects.

B. Design Controls and Criteria

The selection of various values for roadway design elements is dependent upon three general design
criteria: functional classification, design speed, and adjacent land use.

1. Functional Classification: The first step in establishing design criteria for a roadway is to define
the function that the roadway will serve (refer to Section 5B-1 for street classifications). The
functional classification of the roadway is the basis for the cross-sectional design criteria shown
in Tables 5C-1.01 and 5C-1.02. It also serves as the basis for the ultimate selection of design
speed and geometric criteria.

Under a functional classification system, design criteria and level of service vary according to the
intended function of the roadway system. Arterials are expected to provide a high level of
mobility for longer trip length; therefore, they should provide a higher design speed and level of
service. Since access to abutting property is not their main function, some degree of access
control is desirable to enhance mobility. Collectors serve the dual function of accommodating
shorter trips and providing access to abutting property. Thus, an intermediate design speed and
level of service is important. Local streets serve relatively short trip lengths and function
primarily for property access; therefore, there is little need for mobility or high operating speeds.
This function is reflected by use of lower design speeds and an intermediate level of service.
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2. Design Speed: Design speed is the selected speed used to determine various geometric features
of the roadway, including horizontal and vertical alignment. The design speed selected should be
as high as practical to attain the desired degree of safety, mobility, and efficiency. It is preferred
to select a design speed that is at least 5 mph greater than the anticipated posted speed limit of the
roadway. Selecting a design speed equal to the posted speed limit may also be acceptable and
should be evaluated on a project by project basis, subject to approval of the Engineer. Once the
design speed is selected, all pertinent roadway features should be related to it to obtain a balanced
design.

In some situations, it may be impractical to conform with the desired design speed for all
elements of the roadway (e.g. horizontal radius or clear zone). In these situations, warning signs
or additional safety treatments may be required (e.g. warning signs or guard rail).

3. Adjacent Land Use: In addition to functional classification and design speed, the surrounding
land use can impact the design elements of the roadway corridor as well. Land use can be
categorized into three groups: residential, commercial, and industrial.

a. Residential areas are regions defined by residential or multi-family zoning districts where
single-family houses, apartment buildings, condominium complexes and townhome
developments are located. Because these facilities typically have lower overall traffic
volumes, low truck volumes, and are utilized primarily by drivers who are familiar with the
roadway, some design values can be set at a lower level than for commercial or industrial
areas.

b. Commercial and industrial areas are highly developed regions generally defined by
commercial and industrial zoning districts where factories, office buildings, strip malls, and
shopping centers are or will be located. The areas typically require higher level design values
due to increased traffic volumes, increased truck volumes, and decreased driver familiarity.
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C. Roadway Design Tables

The following figures illustrate the location of various design elements of the roadway cross-section
as specified in Tables 5C-1.01 and 5C-1.02.

Figure 5C-1.01: Roadway Design Elements

Object setback _ Clear zone!

Lane width

Lane width Bike lane?

g s
Curb offset Clear zone!
; Lane width Two-way left-turn lane Lane width [Curb offset
_ Raised Median _
Curb offset i it - Left tu(l;“ labneffs t= ih Cgrﬂtla offset
Lane wi Lane wi uro orset Lane wil Lane wi
r[:r—’r—“*ﬁ _______________________ —P”—T—%

Clear zone !
Shoulder Lane width Lane width Shoulder

Bs?e‘. S lbpe Qo‘e.«’\oga/ _ — ~ -

L Clear zone is measured from the edge of the traveled way.
2 See Chapter 12 for bike lane requirements.
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Table 5C-1.01: Preferred Roadway Elements

Elements Related to Functional Classification

Design Element Local Collector Arterial
Res. | ]| Res. | ]| Res. | o]
General
Design level of service! D D C/ID C/ID C/D C/D
Lane width (single lane) (ft)? 105 12 12 12 12 12
Two-way left-turn lanes (TWLTL) (ft) N/A N/A 14 14 14 14
Width of new bridges (ft) See Footnote 3
Width of bridges to remain in place (ft)*
Vertical clearance (ft)® 145 145 145 145 16.5 16.5
Object setback (ft)8 3 3 3 3 3 3
Clear zone (ft) Refer to Tables 5C-1.03, 5C-1.04, and 5C-1.05
Urban
Curb offset (ft)’ 2 2 2 3 3 3
Parking lane width (ft) 8 8 8 10 N/A N/A
Roadway width with parking on one side® 26/31° 34 34 37 N/A N/A
Roadway width without parking© 26 31 31 31 31 31
Raised median with left-turn lane (ft)'! N/A N/A 195 20.5 20.5 20.5
Cul-de-sac radius (ft) 45 45 N/A N/A N/A N/A
Rural Sections in Urban Areas
Shoulder width (ft)
ADT: under 400 4 4 6 6 10 10
ADT: 400 to 1,500 6 6 6 6 10 10
ADT: 1,500 to 2000 8 8 8 8 10 10
ADT: above 2,000 8 8 8 8 10 10
Foreslope (H:V) 4:1 4:1 4:1 4:1 6:1 6:1
Backslope (H:V) 4:1 4:1 4:1 4:1 4:1 4:1

Res. = Residential, C/I = Commercial/Industrial

Elements Related to Design Speed

Design Element

Design Speed, mph?*?

25 30 35 40 45 50 55 60
Stopping sight distance (ft) 155 200 250 305 360 425 495 570
Passing sight distance (ft) 900 1090 | 1,280 | 1,470 | 1,625 | 1,835 | 1,985 | 2,135
Min. horizontal curve radius (ft)*3 198 333 510 762 1,039 926 1,190 | 1,500
Min. vertical curve length (ft) 50 75 105 120 135 150 165 180
Min. rate of vertical curvature, Crest (K)* 18 30 47 71 98 136 185 245
Min. rate of vertical curvature, Sag (K) 26 37 49 64 79 96 115 136
Minimum gradient (percent) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Maximum gradient (percent) 5 5 5 5 5 5 5 5

Note: For federal-aid projects, documentation must be provided to explain why the preferred values are not being
met. For non-federal aid projects, the designer must contact the Jurisdiction to determine what level of
documentation, if any, is required prior to utilizing design values between the “Preferred” and “Acceptable” tables.
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Table 5C-1.01 Footnotes:

1 Number of traffic lanes, turn lanes, intersection configuration, etc. should be designed to provide the overall
specified LOS at the design year ADT. Two LOS values are shown for collectors and arterials. The first
indicates the minimum overall LOS for the roadway as a whole; the second is the minimum LOS for individual
movements at intersections.

2 Width shown is for through lanes and turn lanes.

3 Bridge width is measured as the clear width between curbs or railings. Minimum bridge width is based upon the
width of the traveled way (lane widths) plus 4 feet clearance on each side; but no less than the curb-face to curb-
face width of the approaching roadway. Minimum bridge widths do not include medians, turn lanes, parking, or
sidewalks. At least one sidewalk should be extended across the bridge.

4 See Table 5C-1.02, for acceptable values for width of bridges to remain in place.
° Vertical clearance includes a 0.5 foot allowance for future resurfacing.

& Object setback does not apply to mailboxes constructed and installed according to US Postal Service regulations,
including breakaway supports.

" Values shown are measured from the edge of the traveled way to the back of curb. Curb offset is not required for
turn lanes. On roadways with an anticipated posted speed of 45 mph or greater, mountable curbs are required.
For pavements with gutterline jointing, the curb offset should be equal to or greater than the distance between the
back of curb and longitudinal gutterline joint.

8 Parking is allowed along one side of local or collector streets unless restricted by the Jurisdiction. Some
jurisdictions allow parking on both sides of the street. When this occurs, each jurisdiction will set their own
standards to allow for proper clearances, including passage of large emergency vehicles. Parking is normally not
allowed along arterial roadways.

° For local, low volume residential streets, two free flowing lanes are not required and a 26 foot or 31 foot (back to
back) roadway may be used where parking is allowed on one side or both sides respectively. For higher volume
residential streets, which require two continuously free flowing traffic lanes, a 31 foot or 37 foot roadway should
be used for one sided or two sided parking respectively.

10 Some minimum roadway widths have been increased to match standard roadway widths. Unless approved by the
Jurisdiction, all two lane roadways must comply with standard widths of 26, 31, 34, or 37 feet.

Median width is measured between the edges of the traveled way of the inside lanes and includes the curb offset
on each side of the median. Values include a left turn lane with a 6 foot raised median as required to
accommodate a pedestrian access route (refer to Chapter 12) through the median (crosswalk cut through). At
locations where a crosswalk does not cut through the median, the widths shown can be reduced by 2 feet to
provide a 4 foot raised median.

It is preferred to select a design speed that is at least 5 mph greater than the anticipated posted speed limit of the
roadway. Selecting a design speed equal to the posted speed limit may also be acceptable and should be
evaluated on a project by project basis, subject to approval of the Engineer.

Values for low design speed (<50 mph) assume no removal of crown (i.e. negative 2% superelevation on outside
of curve). Radii for design speeds of 50 mph or greater are based upon a superelevation rate of 4%. For radii
corresponding to other superelevation rates, refer to the AASHTO’s “Green Book.”

14 Assumes stopping sight distance with 6 inch object.
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Table 5C-1.02: Acceptable Roadway Elements

Elements Related to Functional Classification

Design Element Local Collector Avrterial
Res. chn Res. chn Res. C/l
General
Design Level-of-Service! D D D/E D/E D/E D/E
Lane width (single lane) (ft)? 10 11 11 11 11 11
Two-Way Left-Turn Lanes (TWLTL) (ft) N/A N/A 12 12 12 12
Width of new bridges, (ft)3 See Footnote 3
Width of bridges to remain in place (ft)* 20 22 24 24 26 26
Vertical clearance (ft)° 145 145 145 145 145 145
Object setback (ft)® 15 15 15 15 15 15
Clear zone (ft) Refer to Tables 5C-1.03, 5C-1.04, and 5C-1.05
Urban
Curb offset (ft)” 158 158 158 158 2 2
Parking lane width (ft) 75 75 75 9 10 10
Roadway width with parking® 1 26/311° 31 31 341 34 34
Roadway width without parking*! 26 26 26 26 26 26
Raised median with left-turn lane (ft)*? N/A N/A 18 18 18.5 18.5
Cul-de-sac radius (ft) 45 45 N/A N/A N/A N/A
Rural Sections in Urban Areas
Shoulder width (ft)
ADT: under 400 2 2 2 2 8 8
ADT: 400 to 1,500 5 5 5 5 8 8
ADT: 1,500 to 2,000 6 6 6 6 8 8
ADT: over 2,000 8 8 8 8 8 8
Foreslope (H:V)13 31 31 31 31 4:1 4:1
Backslope (H:V) 31 31 31 31 31 31

Res. = Residential, C/l = Commercial/Industrial

Elements Related to Design Speed

. Design Speed, mph*4
Design Element 25 30 35 0] 5 50 55 60

Stopping sight distance (ft) 155 200 250 305 360 425 495 570
Passing sight distance (ft) 900 1,090 1,280 1,470 1,625 1,835 1,985 2,135
Min. horizontal curve radius (ft)® 198 333 510 762 1,039 833 1,060 1,330
Min. vertical curve length (ft) 50 75 105 120 135 150 165 180
Min. rate of vert. curve, Crest (K)*6 12 19 29 44 61 84 114 151
Min. rate of vert. curve, Sag (K) 26 37 49 64 79 96 115 136
e | | m | | % | @ | s | w |
Minimum gradient (percent)®® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Maximum gradient (percent)*® R|CNH|R|CN|R|CN|R|CN|R|CN|R|CIN|R|CIN|R]|CN

Local 1211012 9 (11| 9 |11| 9 |10 | 8 9 N/AIN/A|IN/A|N/A

Collector 1219 (11} 9 10| 9 |10| 9 9 8 8 7 |N/A|N/A|[N/A|IN/A

Acrterial N/A[N/A| 9 9 8 8 8 8 [N/A| 7 [N/A| 7 [N/A| 6 |[N/A| 6

R = Residential, C/I = Commercial/Industrial
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Note: For federal-aid projects, proposed design values that do not meet the “Acceptable” table may require design
exceptions. Design exceptions will be considered on a project-by-project basis and must have concurrence of the lowa
DOT when applicable. For non-federal aid projects, the designer should contact the Jurisdiction to determine what level of
documentation, if any, is required prior to utilizing design values that do not meet the “Acceptable” table.

Table 5C-1.02 Footnotes:

1 Number of traffic lanes, turn lanes, intersection configuration, etc. should be designed to provide the specified LOS at
the design year ADT.

2 Width shown is for through lanes and turn lanes.

Bridge width is measured as the clear width between curbs or railings. Minimum bridge width is based upon the width
of the traveled way (lane widths) plus 3 feet clearance on each side; but no less than the curb-face to curb-face width of
the approaching roadway. Minimum bridge widths do not include medians, turn lanes, parking, or sidewalks. At least
one sidewalk should be extended across the bridge.

4 The values shown are the clear width across the bridge between curbs or railings. Values are based upon the width of
the traveled way (lane width) and include a 1 foot and 2 foot offset on each side for collectors and arterials respectively.
Values do not include medians, turn lanes, parking, or sidewalks. In no case should the minimum clear width across the
bridge be less than the width of the traveled way of the approach road.

Vertical clearance includes a 0.5 foot allowance for future resurfacing. Vertical clearance of 14.5 feet on arterials is
allowed only if an alternate route with 16 feet of clearance is available.

& Object setback does not apply to mailboxes constructed and installed according to US Postal Service regulations,
including breakaway supports.

Values shown are measured from the edge of the traveled way to the back of curb. Curb offset is not required for turn
lanes. On roadways with an anticipated posted speed of 45 mph or greater, mountable curbs are required. For
pavements with gutterline jointing, the curb offset should be equal to or greater than the distance between the back of
curb and longitudinal gutterline joint.

At locations where a 1.5 foot curb offset is used, an alternative intake boxout, with the intake set back a minimum of 6
inches from the curb line, must be used to prevent intake grates from encroaching into the traveled way.

® Some jurisdictions allow parking on both sides of the street. When this occurs, each jurisdiction will set their own
standards to allow for proper clearances, including passage of large emergency vehicles.

For low volume residential streets, two free flowing lanes are not required and a 26 foot roadway may be used where
parking is allowed on one side only. For higher volume residential streets, which require two continuously free flowing
traffic lanes, a 31foot roadway should be used.

11 Some minimum roadway widths have been increased to match standard roadway widths. Unless approved by
Jurisdiction, all two lane roadways must comply with standard widths of 26, 31, 34, or 37 feet.

12 Median width is measured between the edges of the traveled way of the inside lanes and includes the curb offset on each
side of the median. Values include a left turn lane with a 6 foot raised median as required to accommodate a pedestrian
access route (refer to Chapter 12) through the median (crosswalk cut through). At locations where a crosswalk does not
cut through the median, the widths shown can be reduced by 2 feet to provide a 4 foot raised median.

18 The use of 3:1 foreslopes is allowed, as shown, but may require a wider clear zone as slopes steeper than 4:1 are not
considered recoverable by errant vehicles.

14 It is preferred to select a design speed that is at least 5 mph greater than the anticipated posted speed limit of the
roadway. Selecting a design speed equal to the posted speed limit may also be acceptable and should be evaluated on a
project by project basis, subject to approval of the Engineer

15 Values for low design speed (<50 mph) assume no removal of crown (i.e. negative 2% superelevation on outside of
curve). According to the AASHTO Green Book (Table 3-1 and 3-13b) for low volume roadways with 10 or less units
beyond the curve and projected traffic volumes of less than 100 vehicles per day beyond the curve, the horizontal curve
radius may be a minimum of 107 feet if at least 115 feet of stopping sight distance is provided or the radius may be a
minimum of 50 feet if at least 80 feet of stopping sight distance is available. Radii for design speeds of 50 mph or
greater are based upon a superelevation rate of 6%. For radii corresponding to other superelevation rates, refer to the
AASHTO’s “Green Book.”

16 Assumes stopping sight distance with 2 foot high object.

17 Use only if roadway has continuous overhead lighting.
18

10

A typical minimum grade is 0.5%, but a grade of 0.4% may be used in isolated areas where the pavement is accurately
crowned and supported on firm subgrade.

19 Maximum gradient may be steepened by 2% for short distances and for one way downgrades.
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Table 5C-1.03: Preferred Clear Zone Distances for Rural and Urban Roadways

. . . Foreslope Backslope or Parking
DeS|g?T:1pipeed Dea%D'I:Irafflc 6:1 or flatter | 5:1to 4:1 | 3:1 6:1 or flatter | 5:1t04:1 | 31
In feet from edge of traveled way
48 c;?{i“e]ss All For low-speed urban roadways, refer to Table 5C-1.05.
Under 750 10 10 * 10 10 10
Rural 750 to 1,500 12 14 * 12 12 12
40 or less 1,500 to 6,000 14 16 * 14 14 14
Over 6,000 16 18 * 16 16 16
Under 750 12 14 * 12 10 10
Rural and Urban 750 to 1,500 16 20 * 16 14 12
45 t0 50 1,500 to 6,000 18 26 * 18 16 14
Over 6,000 22 28 * 22 20 16
Under 750 14 18 * 12 12 10
Rural and Urban 750 to 1,500 18 24 * 18 16 12
55 1,500 to 6,000 22 30 * 22 18 16
Over 6,000 24 32 * 24 22 18
Under 750 18 24 * 16 14 12
Rural and Urban 750 to 1,500 24 32 * 22 18 14
60 1,500 to 6,000 30 40 * 26 22 18
Over 6,000 32 44 * 28 26 22
Source: Adapted from the Roadside Design Guide, 2006
Table 5C-1.04: Acceptable Clear Zone Distances for Rural and Urban Roadways
. . . Foreslope Backslope or Parking
Des'?: ipeed DeSI%D-I:Ifaﬁ'C 6:lorflatter | 5:1to4:1 | 3:1 | 6:1lorflatter | 5:1to4:1 | 31
P In feet from edge of traveled way
4OU (;?Tgss All For low-speed urban roadways, refer to Table 5C-1.05.
Under 750 7 7 * 7 7 7
Rural 750 to 1,500 10 12 * 10 10 10
40 or less 1,500 to 6,000 12 14 * 12 12 12
Over 6,000 14 16 * 14 14 14
Under 750 10 12 * 10 8 8
Rural and Urban 750 to 1,500 14 16 * 14 12 10
45 to 50 1,500 to 6,000 16 20 * 16 14 12
Over 6,000 20 24 * 20 18 14
Under 750 12 14 * 10 10 8
Rural and Urban 750 to 1,500 16 20 * 16 14 10
55 1,500 to 6,000 20 24 * 20 16 14
Over 6,000 22 26 * 22 20 16
Under 750 16 20 * 14 12 10
Rural and Urban 750 to 1,500 20 26 * 20 16 12
60 1,500 to 6,000 26 32 * 24 18 14
Over 6,000 30 36 * 26 24 20

Source: Adapted from the Roadside Design Guide, 2006

* Foreslopes steeper than 4:1 are considered traversable, but not recoverable. An errant vehicle can safely travel
across a 3:1 slope, but it is unlikely the driver would recover control of the vehicle before reaching the bottom of
the slope; therefore, fixed objects should not be present on these slopes or at the toe of these slopes.
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Table 5C-1.05: Clear Zone for Low-speed (40 mph or less Design Speed) Urban Roadways

e . Distance from the Edge of the Traveled Way, feet!
Roadway Classification
Preferred Acceptable
Avrterial 10 7
Collector 8 5.5
Local 8 5.5

1 Values in the table are measured from the edge of the traveled way. Parking lane, bike lane, and curb
offset widths may be included as part of the clear zone; however, a minimum clear zone behind the
back of curb of 6 feet (preferred) or 4 feet (acceptable) should be provided regardless of roadway
classification. Clear zone requirements also apply along medians of divided roadways.

Source: Maze et al, 2008
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ATEWIDE URBAN DESIGN AND SPECIFICATIONS

Geometric Design Elements

A. Level of Service

Level of service (LOS) is a measure of the operating conditions of a roadway facility. LOS is based
upon traffic performance related to speed, travel time, freedom to maneuver, traffic interruptions, and
comfort and convenience. The LOS ranges from A (least congested) to F (most congested). Refer to
the Highway Capacity Manual for a more thorough discussion of the LOS concept.

Based upon the traffic capacity analysis, the number of lanes, turn lanes, and intersection controls
should be selected to provide a design with the desired LOS for the design year traffic. Design year
traffic is based upon a 20 year traffic projection. The current Highway Capacity Manual and the
current AASHTO “Green Book™ should be used for traffic projections and to determine the number
of lanes and intersection configuration at the desired LOS.

The LOS for the roadway overall is based upon Average Daily Traffic (ADT), while the LOS at
signalized intersections is based upon the peak hourly volume (PHV).

As a planning tool, the following tables are provided to indicate approximate capacities for two lane
and four lane streets and highways and intersection capacity for four way stop and signalized
intersections. These tables do not consider site specific details and should not be utilized for final
design purposes.

Table 5C-2.01: Maximum ADT vs. LOS and Type of Terrain for Two Lane Highways

Terrain LOS
B C D
Level 3,200 - 4,800 5,300 - 7,900 9,000 - 13,500
Rolling 1,800 - 2,800 3,500 - 5,200 5,300 - 8,000
Hilly 900 - 1,300 1,600 - 2,400 2,500 - 3,700

Table 5C-2.02: Reduced Capacity of Narrow Lanes with Restricted Lateral Clearance

Two Lane Roadway

Usable Shoulder Width or (percent of capacity of 12 feet lane)

Clearance to Obstruction (feet)

12 feet lanes | 11 feet lanes | 10 feet lanes
6 100 93 84
4 92 85 77
2 81 75 68
0 70 65 58
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Table 5C-2.03: Planning Capacity at LOS C?, D, and E?
Two Way Arterial Streets (Non-intersection)

Capacity, VPD at LOS D

Number . Light Moderate
of Lanes Turn Lanes S.évhlr:"m?l (Residgential) (Mixed Zoning) si dHEaW;.

e Friction Side Friction Side Friction e Friction
Two Lanes | Without turn lanes 12,100 11,600 11,200 10,400
Undivided | With turn lanes 16,000 15,300 14,000 13,900
Without turn lanes 24,300 23,400 23,400 21,900
Univided | With left tum lanes or 32,100 30,900 30,900 29,100
ndivide 5 lane with center TWLTL ' ' ' !

Four Lanes W!thout turn lanes 27,100 26,200 26,100 23,300
Divided W!th left turn I_anes 35,400 34,200 34,100 32,500
With left and right turn lanes 37,500 36,200 34,400 34,400

LOS - Level of Service

TWLTL - Two-Way Left-Turn Lane
VPD - Vehicles per Day
1 Capacity at LOS C may be determined by multiplying LOS D values above by 0.8.
2 Capacity at LOS E may be determined by multiplying LOS D values above by 1.2.

Source: Adapted from “2000 Des Moines Area Daily Directional Capacities At Level of Service D” - Des Moines Area MPO

Table 5C-2.04: Approximate LOS C Service Volumes (VPH) for
Four Way Stop-controlled Intersections (Sum of all Four Legs)

. Two Lanes on Street 1: Two Lanes Four Lanes on
Demand Split Each Street Street 2: Four Lanes Each Street
50/50 1,200 1,800 2,200
55/45 1,140 1,720 2,070
60/40 1,080 1,660 1,970
65/35 1,010 1,630 1,880
70/30 960 1,610 1,820

B. Sight Distance

The following information is taken from the 2004 AASHTO “Green Book.” The Project Engineer
should check the current edition of the AASHTO “Green Book” when specific information is needed
to verify values provided.

1. Stopping Sight Distances: The minimum stopping sight distance is the distance required by the
driver of a vehicle traveling at the design speed to bring the vehicle to a stop after an object on the
road becomes visible. This distance directly affects the length and rate of curvature for vertical

curves.

The method for measuring stopping sight distance on vertical curves assumes a height for the
driver’s eye and a height for an object in the road. For a crest vertical curve, the sight distance is
the distance at which an object in the road appears to the driver over the crest of the curve.
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Figure 5C-2.01: Vertical Sight Distance Determination

Sight distance

Object height
0.5'-2.0'

Stopping sight distance is calculated based upon an assumed height of the driver’s eye and an
assumed height of an object in the roadway. For all sight distance criteria, the height of the
driver’s eye is assumed to be 3.5 feet above the surface of the road, as recommended by
AASHTO. Tables 5C-1.01 and 5C-1.02 in Section 5C-1 assume two different values for the
height of the object in the roadway. The “Acceptable” values in Table 5C-1.02 use a 2 foot
object height according to the current edition of the AASHTO “Green Book.” The “Preferred”
values in Table 5C-1.01 assume an object height of only 6 inches. This lower object height was
the design value used in previous versions of the AASHTO “Green Book.” The results of
assuming a smaller object height for the preferred values in Table 5C-1.01 are higher required K
values and longer vertical curves.

2. Sight Distance on Horizontal Curves: The horizontal alignment must provide at least the
minimum stopping distance for the design speed at all points. This includes visibility around
curves and roadside encroachments.

Where there are sight obstructions such as walls, cut slopes, buildings, fences, bridge structures,
or other longitudinal barriers on the inside of curves, an adjustment in the minimum radius of the
curve may be necessary. In no case should sight distance be less than the stopping sight distance
specified in Tables 5C-1.01 and 5C-1.02 in Section 5C-1. The sight distance design procedure
should assume a 6 foot fence (as measured from finished grade) exists along all property lines
except in the sight distance triangles required at all intersections.

Available sight distance around a horizontal curve can be determined graphically using the
method shown in Figures 5C-2.02 and 5C-2.03 below. From the center of the inside lane (Point
A), a line is projected through the point on the obstruction that is nearest to the curve (Point B).
The line is then extended until it intersects the centerline of the inside lane (Point C).
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Figure 5C-2.02 and Figure 5C-2.03: Sight Distances for Horizontal Curves
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3. Passing Sight Distance: Passing sight distance is the minimum sight distance that must be
available to enable the driver of one vehicle to pass another safely and comfortably without
interfering with oncoming traffic traveling at the design speed. Two lane roads should provide
adequate passing zones at regular intervals. Minimum passing sight distances are shown in
Tables 5C-1.01 and 5C-1.02 in Section 5C-1.

Passing sight distance is measured between an eye height of 3.5 feet and an object height of 3.5
feet. On straight sections of roadway, passing sight distance is determined primarily by the
vertical curvature of the roadway. On horizontal curves, obstructions adjacent to the roadway on
the inside of the curve can limit sight distance. This is most common in a cut section where the
adjacent terrain projects above the surface of the roadway. Passing sight distance should be
verified using the methods described in the current edition of the AASHTO “Green Book.”

4. Intersection Sight Distance: In addition to the stopping sight distance provided continuously in
the direction of travel on all roadways, adequate sight distance at intersections must be provided
to allow drivers to perceive the presence of potentially conflicting vehicles. Sight distance is also
required at intersections to allow drivers of stopped vehicles to decide when to enter or cross the
intersecting roadway. If the available sight distance for an entering or crossing vehicle is at least
equal to the appropriate stopping sight distance for the major road, then drivers have sufficient
sight distance to anticipate and avoid collisions. However, in some cases, this may require a
major road vehicle to slow or stop to accommodate the maneuver by a minor road vehicle. To
enhance traffic operations, intersection sight distances that exceed stopping sight distances are
desirable along the major road.

Each intersection has the potential for several different types of vehicular conflicts. The
possibility of these conflicts actually occurring can be greatly reduced by providing proper sight
distance and appropriate traffic controls. Each quadrant of an intersection should contain a
triangular area free of obstructions that might block an approaching driver’s view of potentially
conflicting vehicles. This clear area is known as the sight triangle.

a. Sight Triangles: Proper sight distance at intersections is determined through the
establishment and enforcement of sight triangles. The required dimensions of the legs of the
triangle depend on the design speed of the roadways and the type of traffic control provided
at the intersection. Two types of clear sight triangles are considered in intersection design:
approach sight triangles and departure sight triangles.

1) Approach Sight Triangles: Approach sight triangles allow the drivers at uncontrolled
or yield controlled intersections to see a potentially conflicting vehicle in sufficient time
to slow or stop before colliding within the intersection. Although desirable at all
intersections, approach sight triangles are not needed for intersections approaches
controlled by stop signs or traffic signals.

2) Departure Sight Triangles: A second type of clear sight triangle provides sight distance
sufficient for a stopped driver on a minor-road approach to depart from the intersection
and enter or cross the major road. Departure sight triangles should be provided in each
guadrant of each intersection approach controlled by a stop sign.

At signalized intersections, the first vehicle stopped on one approach should be visible to the
driver of the first vehicle stopped on each of the other approaches. Left turning vehicles
should have sufficient sight distance to select gaps in oncoming traffic.

The recommended dimensions of the sight triangles vary with the type of traffic control used
at an intersection because different types of controls impose different legal constraints on
drivers and, therefore, result in different driver behavior. The AASHTO “Green Book”
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contains the required procedures, equations, and tables for determining the required sight
distance under various intersection and traffic control configurations.

b. Identification of Sight Obstructions within Sight Triangles: Within a sight triangle, any
object at a height above the elevation of the adjacent roadways that would obstruct the
driver’s view should be removed or lowered if practical. Such objects may include buildings,
parked vehicles, highway structures, roadside hardware, hedges, trees, bushes, unmowed
grass, tall crops, walls, fences, and the terrain itself. Particular attention should be given to
the evaluation of clear sight triangles at intersection ramp/crossroad intersections where
features such as bridge railings, piers, and abutments are potential sight obstructions.

The determination of whether an object constitutes a sight obstruction should consider both
the horizontal and vertical alignment of both intersecting roadways, as well as the height and
position of the object. In making this determination, it should be assumed that the driver’s
eye is 3.5 feet above the roadway surface and that the approaching vehicle to be seen is 3.5
feet above the surface of the intersecting road.

C. Horizontal Alignment

1.

Roadway Curvature and Superelevation: On urban streets where operating speed is relatively
low and variable, the use of superelevation for horizontal curves can be minimized. Although
superelevation is advantageous for traffic operation, in urban areas the combination of wide
pavements, the need to meet the grade of adjacent properties, the desire to maintain low speed
operation, the need to maintain pavement profiles for drainage, and the frequency of cross streets
and driveways and other urban features often combine to make the use of superelevation
impractical or undesirable. Generally, the absence of superelevation on low speed urban streets is
not detrimental to the motorist and superelevation is not typically provided on urban streets with a
design speed of 45 mph or less.

The preferred radii shown in Section 5C-1, Table 5C-1.01 assume that a normal crown is
maintained around a horizontal curve. With a standard 2% pavement cross-slope, this effectively
results in a negative 2% superelevation for the outside lane. For roadways with a cross-slope
other than 2%, including four lane and wider sections that utilize a steeper cross-slope for the
outside lanes, the required curve radius should be determined from the guidance provided in the
current AASHTO “Green Book™ or from Figure 5C-2.04 below.

While superelevation on low speed urban roadways is not desirable, it may be necessary in
situations where site conditions require a horizontal curve that cannot sustain traffic with the
negative superelevation that results from maintaining the normal crown. For these situations,
superelevation equal to the normal cross-slope may be provided for the outside lane. Section 5C-
1, Table 5C-1.02 assumes the adverse crown in the outside lane of a curve is removed. For a
roadway with a normal 2% cross-slope, this results in a superelevation of 2% across the width of
the pavement. For roadways with cross-slopes other than 2%, the required radius and the
resulting superelevation should be determined from the guidance provided in current AASHTO
“Green Book” or from Figure 5C-2.04 below. The maximum superelevation for low speed urban
roadways should not exceed the normal cross-slope or a maximum of 3%.

For roadways with design speeds of 50 mph or greater, superelevation of the roadway is
acceptable and expected by motorists. The radii provided in Section 5C-1, Tables 5C-1.01 and
5C-1.02 are based upon superelevation rates of 4% and 6% respectively. The maximum
superelevation rate in urban areas should not exceed 6%.
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Figure 5C-2.04: Superelevation, Radius, and Design Speed for Low Speed (<50mph)
Urban Street Design
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Source: AASHTO “Green Book,” 2004 Edition, Exhibit 3-17

2. Intersection Alignment: The centerline of a street approaching another street from the opposite
side should not be offset. If the offset cannot be avoided, the offset should be 150 feet or greater
for local streets. The centerline of a local street approaching an arterial or collector street from
opposite side should not be offset unless such offset is 300 feet or greater.

3. Adding, Dropping, or Redirecting Lanes:

a. Dropping or Redirecting Through Lanes: When dropping a lane, the minimum taper ratio
to be used should be determined by the following formula, or from Table 5C-2.05:

L = WS for velocities of 45 mph or more

L = WS? for velocities of 40 mph or less.
60

L = Minimum length of taper.
S = Numerical value of posted speed limit or 85th percentile speed, whichever is higher.
W = Width of pavement to be dropped or redirection offset.

Preferably, taper ratios should be evenly divisible by five. Calculations that result in odd
ratios should be rounded to an even increment of five. The table below utilizes the formulas
to determine the appropriate taper ratio for dropping a 12 foot wide lane. The ratio remains
constant for a given design speed while the length varies with the pavement width.
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The procedure for determining minimum taper ratios for redirecting through lanes is the same
as for lane drops, except for design speeds over 45 mph the use of reverse curves rather than
tapers is recommended.

Table 5C-2.05: Length and Taper Ratio for Dropping 12 Foot Lane

Design Speed (mph) | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60
Taper Ratio 10:1 | 15:1 | 20:1 | 25:1 | 45:1 | 50:1 | 55:1 | 60:1
Length (feet) 120 | 180 | 240 | 300 | 540 | 600 | 660 | 720

b. Adding Through or Turn Lanes: For design speeds of 45 mph or greater, a 15:1 lane taper
should be used when adding a left or right turn lane. For design speeds less than 45 mph, a
10:1 taper may be used.

For design speeds less than 45 mph, shorter tapers that are squared off or taper at 1:1 may
provide better “targets” for approaching drivers and give more positive identification to an
added through lane or turn lane. For turn lanes, the total length of taper and deceleration
length should be the same as if a standard taper was used. This results in a longer length of
full width pavement for the turn lane. This design provides increased storage that may reduce
the likelihood turning vehicles will back up into the through lane during peak traffic periods.
The use of short taper sections must be approved by the Engineer.

Figure 5C-2.05: Adding or Dropping Lanes
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Figure 5C-2.06: Redirecting Through Lanes
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D. Vertical Alignment

1. Minimum Grades: Flat and level grades on uncurbed pavements are preferred when the
pavement is adequately crowned to drain the surface laterally. However, with curbed pavements,
longitudinal grades must be provided to facilitate surface drainage. A typical minimum grade is
0.5%, but a grade of 0.4% may be used in isolated areas where the pavement is accurately
crowned and supported on firm subgrade. The minimum allowance grade for bubbles and cul-de
sacs is 1%. Particular attention should be given to the design of stormwater inlets and their
spacing to keep the spread of water on the traveled way within tolerable limits. Roadside
channels and median swales frequently require grades steeper than the roadway profile for
adequate drainage.

2. Maximum Grades: Grades for urban streets should be as level as practical, consistent with the
surrounding terrain. The maximum design grades specified in Section 5C-1, Table 5C-1.02
should be used infrequently; in most cases grades should be less than the maximum design grade.

Where sidewalks are located adjacent to a roadway, a maximum roadway grade of 5% is
desirable. ADA requirements allow sidewalks adjacent to a roadway to match the running grade
of the roadway, regardless of the resulting grade. However, sidewalk accessibility is greatly
enhanced, especially over long distances, when grades are limited to 5% or less. It is recognized
that meeting limitations will not be possible or practical in many situations; however, an attempt
should be made to limit roadway grades to this level, especially in areas with high levels of
anticipated pedestrian usage.

3. Maximum Grade Changes: Except at intersections, the use of grade breaks, in lieu of vertical
curves, is not encouraged. However, if a grade break is necessary and the algebraic difference in
grade does not exceed 1%, the grade break will be considered by the Engineer.

4. Vertical Curves: Vertical curves should be simple in application and should result in a design
that is safe, comfortable in operation, pleasing in appearance, and adequate for drainage.

The major control for safe operation on crest vertical curves is the provision of ample sight
distances for the design speed. Minimum stopping sight distance should be provided in all cases.
Wherever economically and physically feasible, more liberal stopping sight distances should be
used. Furthermore additional sight distance should be provided at decision points.

a. Crest Vertical Curves: Minimum lengths of crest vertical curves as determined by sight
distance requirements are generally satisfactory from the standpoint of safety, comfort, and
appearance. Figure 5C-2.06 shows the required length of crest vertical curve to provide
stopping sight distance based upon design speed and change in grade.

b. Sag Vertical Curves: Headlight sight distance is generally used as the criteria for
determining the length of sag vertical curves. When a vehicle approaches a sag vertical curve
at night, the portion of highway lighted ahead is dependent on the position of the headlights
and the direction of the light beam. A headlight height of 2 feet and a 1 degree upward
divergence of the light beam from the longitudinal axis of the vehicle is commonly assumed.
For safety purposes, the sag vertical curve should be long enough that the light beam distance
is the same as the stopping sight distance. Figure 5C-2.07 specifies the required sag curve
length to meet the sight distance assumptions made above.
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For both sag and crest vertical curves with a low algebraic difference in grade, sight distance
restrictions may not control the design of the curve. In these cases, rider comfort and curve
appearance are the primary considerations for vertical curve design. Generally, vertical curves
with a minimum length (in feet) equal to three times the design speed (in mph) are acceptable.

If a roadway has continuous lighting, the length of sag vertical curve (L) may be based on
passenger comfort instead of headlight sight distance. Use the following equation for the curve
length:

AV? where A = algebraic difference in grades, %
L= 46.5 V = design speed, mph

(Equation 3-51 AASHTO Greenbook, 2011)

Drainage considerations also affect the design of vertical curves where curbs are utilized. Both
crest and sag vertical curves that have a grade change from positive to negative (or vice versa)
contain a level area at some point along the curve. Generally, as long as a grade of 0.30% is
provided within 50 feet of the level area, no drainage problems develop. This criterion
corresponds to a K value of 167 and is indicated by a dashed line in Figures 5C-2.06 and 5C-2.07
below. K values greater than 167 may be utilized, but additional consideration should be given to
drainage in these situations.

L(f)

where g1 and g2 are in percent
(gz - 91)

K:

Figure 5C-2.06: Design Controls for Crest Vertical Curves
for Stopping Sight Distance and Open Road Conditions
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5.

Figure 5C-2.07: Design Controls for Sag Vertical Curves, Open Road Conditions
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Intersection Grades: The grade of the "through" street should take precedence at intersections.
At intersections of roadways with the same classifications, the more important roadway should
have this precedence. Side streets are to be warped to match through streets with as short a
transition as possible, which provides a smooth ride. Consideration must be given to minimize
sheet flow of stormwater across the intersection due to loss of crown on the side street.

Carrying the crown of the side street into the through street is not allowed. In most cases the
pavement cross-slope at the warped intersection should not exceed the grade of the through street.

The maximum desirable grades of the through street at the intersection and the side street cross-
slope should be 2% and should not exceed 3%. The maximum desirable approach grade of the
side street should not exceed 4% for a distance of 100 feet from the curb of the through street.

Establishing intersection spot grades by matching “curb corners” of intersecting streets is not
recommended since it may result in an undesirable travel path from the through street to the side
street because of the resulting bump on the side street centerline. At sidewalk curb ramps in
intersections, the street grades may need to be warped at the curb line to ensure the resulting
cross-slope at the bottom of the ramp does not exceed 2%. A detail of the jointing layout with
staking elevations should be shown on the plans.

ADA regulations set specific limits for crosswalk cross-slopes that directly impact street and
intersection grades. ADA regulations limit the cross-slope to 2% (measured perpendicular to the
direction of pedestrian travel) for crosswalks that cross a roadway with stop control (stop sign) at
the intersection. For roadways without stop control (through movement or traffic signal) the
cross-slope of the crosswalk is limited to 5%. Effectively, this requirement limits street grades to
a maximum of 2% or 5% depending on intersection controls.

For steep roadways without stop control, construction of a flattened “table” may be necessary t0
reduce the street grade to 5% or less at the location of the crosswalk. Crosswalk tables at these
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locations must utilize vertical curves, appropriate for the design speed, to avoid a sudden change
in grade at the intersection that could cause vehicles to bottom out or lose control.

For steep roadways with stop control, construction of a flattened “table” may utilize grade breaks
or shortened vertical curves to reduce the street grade to 2% or less at the location of the
crosswalk. A check should be made to verify that vehicles will not bottom out when traveling
over the crosswalk table.

E. Pavement Crowns
The following typical pavement crowns are straight line cross-slope and are desirable sections.

1. Urban Roadways (Curb and Gutter): For streets with three or fewer travel lanes, the pavement
crown should be 2%.

For streets with four or more travel lanes, the pavement crown for all inside lanes, including left
turn lanes, should be 2%. In order to reduce stormwater spread, the pavement crown for the
outside lanes should be 3%.

For all streets, auxiliary right turn lanes will have varying pavement crowns depending on the
desired drainage pathway.

2. Rural Roadways: For pavement crowns, a 2% cross-slope is normal with 4% shoulder slope.
lowa DOT Standard Road Plans should be checked for Federal Aid, Farm to Market, and
Secondary Roads.

F. Lane Width

The lane width of a roadway greatly influences the safety and comfort of driving. Narrow lanes force
drivers to operate their vehicles closer to each other laterally than they would normally desire,
resulting in driver discomfort, lower operating speeds, and reduced roadway capacity.

Tables 5C-1.01 and 5C-1.02 in Section 5C-1 indicate minimum lane widths based upon the roadway
classification and adjacent land use. In addition to the lane width, a separate offset distance to the
curb is required. This curb offset is not included in the lane widths listed.

Auxiliary lanes and turn lanes at intersections should be as wide as the adjacent through lanes. The
width for turn lanes is measured to the face of curb. Because motorists are slowing in anticipation of
making a turning movement, drivers are comfortable operating their vehicle closer to an adjacent
obstacle (curb); therefore, turn lanes do not require a curb offset.

G. Two-way Left-turn Lanes (TWLTL)

Two-way left-turn lanes work well where design speeds are relatively low (25 to 50 mph) and there
are no heavy concentrations of left turning traffic. The width of TWLTLs should be limited to a
maximum of 14 feet to discourage left-turning motorists from pulling out into the TWLTL and
stopping perpendicular to the direction of traffic, while they wait for oncoming traffic to clear.
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H. Raised Median Width

A median is defined as the portion of a roadway separating opposing directions of the traveled way.
The median width is expressed as the dimension between the edges of the traveled way and includes
the left turn lanes, if any are present (refer to Section 5C-1, Figure 5C-1.01). The principal functions
of a median are to separate opposing traffic, allow space for speed changes and storage of left turning
and U-turning vehicles, minimize headlight glare, and provide width for future lanes. For maximum
efficiency, a median should be highly visible both night and day and contrast with the traveled way
lanes.

At unsignalized intersections on rural divided highways, the median should generally be as wide as
practical. However, in urban areas, narrower medians appear to operate better at unsignalized
intersections. If right-of-way is restricted, a wide median may not be justified if provided at the
expense of a narrowed border area. A reasonable border width is needed to adequately serve as a
buffer between private development along the road and the traveled way. Narrowing the border area
may create operational issues similar to those that the median is designed to avoid. In addition, wide
medians at signalized intersections result in increased time for vehicles to cross the median. This can
lead to inefficient signal operation. Therefore, in urban areas, it is recommended that median width
be only as wide as necessary to accommodate left turn lanes. Wider medians should only be used
where needed to accommodate turning and crossing maneuvers by larger vehicles.

Medians and boulevards are not normally used on collector streets. However, when allowed, the
median or boulevard should conform to the same design standards as set forth for arterial streets.

Median widths are also affected by sidewalk and crosswalk locations. Where a crosswalk cut through
is present or proposed, medians (exclusive of any turn lanes) must be a minimum of 6 feet wide to
comply with ADA regulations. These regulations require the placement of a 2 foot wide strip of
detectable warnings at the curb line on both sides of the median. The detectable warnings must be
separated by a minimum 2 foot strip without detectable warnings. Where the median has no curb, the
detectable warnings must be placed along the edge of the roadway. At locations where a raised
median is stopped short of the crosswalk, the 6 foot raised median and associated detectable warnings
are not required, and a standard 4 foot raised median section may be used.

I. Bridges

The bridge widths listed in Section 5C-1, Tables 5C-1.01 and 5C-1.02 represent the clear roadway
width (width between barrier rail faces). The widths shown do not account for barrier rail widths,
sidewalk, recreational trails, etc.

For existing bridges, a structural analysis should be conducted. The existing bridge should be able to
accommodate legal loads. Bridge guardrail should be upgraded if necessary.

J. Clear Zone

The AASHTO Roadside Design Guide (RDG) defines the clear zone as “the total roadside border
area, starting at the edge of the traveled way, available for safe use by errant vehicles. This area may
consist of a shoulder, a recoverable slope, a non-recoverable slope, and/or a clear runout area. The
desired width is dependent upon the traffic volumes and speeds and on the roadside geometry.”

The intent of the clear zone is to provide an errant vehicle that leaves the roadway with an
unobstructed recovery area. This area, including medians on divided roadways, should be kept free
of all unyielding objects, including utility and light poles, culverts, bridge piers, sign supports, and
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any other fixed objects that might severely damage an out of control vehicle. Any obstruction that
cannot be placed outside of the clear zone should be shielded by traffic barriers or guardrails.

According to the AASHTO RDG, the width of this area varies based upon traffic volumes, design
speed, and embankment slope.

Embankment slopes can be classified as recoverable, non-recoverable, or critical. Embankment
slopes of 4:1 and flatter are considered recoverable. Drivers who encroach on recoverable slopes can
generally stop their vehicles or slow them enough to return to the roadway safely.

A non-recoverable slope is defined as one that is passable, but from which most motorists will be
unable to stop or to return to the roadway easily. Vehicles on such slopes are likely to reach the
bottom before stopping. Embankments between 3:1 and 4:1 generally fall into this category. Since
many vehicles will reach the toe of these slopes, the clear zone distance cannot logically end on a
non-recoverable slope, and a clear runout area at the base of the slope is required. Fixed objects
should not be present on a non-recoverable slope.

A critical slope is one on which a vehicle is likely to overturn. Slopes steeper than 3:1 generally fall
into this category. If a slope steeper than 3:1 begins closer to the traveled way than the suggested
clear zone, a barrier might be warranted if the slope cannot be flattened.

Figure 5C-2.08: Clear Zone Components

» Clear zone distance -
Non-recoverable
. Traveled way Shoulder , Recoverable slope - slope -
’— "— 4:1 or flatter From 3:1 up to 4:1
(6:1 or flatter desirable) Clear runout
= Clear runout area provided
area required 6:1 or flatter

desirable

Source: Adapted from Roadside Design Guide, 2006

For horizontal curves, an adjustment factor may be applied to the clear zone width taken from Section
5C-1, Tables 5C-1.03 or 5C-1.04. This adjustment is only required at selected locations. Widening
the clear zone should be considered along the outside of curves when crash history suggests the need
for additional clear zone width, or whenever the radius of the curve is less than 2,860 feet, the design
speed is 55 mph or greater, and the curve occurs on a normally tangent alignment (one where the
curve is preceded by a tangent more than a mile in length).

The clear zone along an urban section may contain minor obstructions (traffic signs, mailboxes, etc.).
In addition, along lower (<40 mph design speed) urban roadways, larger objects designed to "break-
away" when struck by a vehicle may also be located within the clear zone (light poles, cast-iron fire
hydrants, etc.). All objects, however, should be kept free from the object setback zone as described in
the next section.
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K. Object Setback

Like clear zone, object setback is intended to provide an area adjacent to the roadway that is clear of
obstructions. However, the purpose of the object setback is to provide an operational clearance to
increase driver comfort and avoid a negative impact on traffic flow. It also improves aesthetics,
provides an area for snow storage and, in areas with curbside parking, provides a clear area to open
car doors.

As discussed in the previous section on clear zone, minor obstructions and larger "breakaway" objects
may be located in the clear zone on lower speed roadways (<40 mph design speed), but must be kept
free from the object setback. Mailboxes constructed and installed according to US Postal Service
regulations, including breakaway supports, may be located within the object setback area.

Additional object setback, as measured from the back of curb, may be required around radii at
intersections and driveways in order to provide sufficient clearance to keep the overhang of a truck
from striking an object.

L. Border Area

Border area is the area between the roadway and the right-of-way line and is sometimes referred to as
the "parking™ in urban areas. The grade for the border area is normally 1/2 inch per foot. The border
area between the roadway and the right of way line should be wide enough to serve several purposes
including provision of a buffer space between pedestrians and vehicular traffic, sidewalk space, and
an area for both underground and above ground utilities such as storm sewer, traffic signals, parking
meters, and fire hydrants. The border area also provides snow storage and aesthetic features such as
grass or other landscaping features. The border width ranges from 14 to 16 feet, including the
sidewalk width. Traffic signals, utility poles, fire hydrants, and other utilities should be placed as far
back of the curb as practical for safety reasons. Breakaway features should be built when feasible and
as an aid to safety considerations.

Table 5C-2.08: Preferred Border Area

Street Classification | Border Area Width (feet)

Major/minor arterial 16
Collector 145
Local streets 14

M. Curbs

1. Curb Offset: The curb offset is measured from the back of curb to the edge of the lane. The
curb offset increases driver comfort and roadway safety. The presence of the curb, and potential
vehicle damage and loss of control resulting from striking the curb, causes drivers to move away
from the curb, reducing the effective width of the through lane. Due to this driver reaction, and to
accommodate the flow of drainage and intake structures, an offset between the curb and the edge
of the traveled way is provided.

The curb offset widths specified in Section 5C-1, Tables 5C-1.01 and 5C-1.02 do not necessarily
indicate the width of the curb and gutter or the location of a longitudinal joint; however, the width
of the curb and gutter can affect the required width of the curb offset. The presence of a
longitudinal joint near the curb (gutterline jointing) can be a limiting factor for usable lane width
as some drivers are uncomfortable driving on or near the joint line. This is especially true for
HMA roadways with PCC curb and gutter. For pavements with a longitudinal joint line near the
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gutter, the curb offset should be equal to or greater than the width of the curb and gutter section.
In addition, grates and special shaping for curb intakes and depressions for open-throat intakes
should be located within the curb offset width and should not encroach into the lane.

2. Curb and Gutter: Typically, a curb and gutter cross-section should consists of a 6 inch high, 6
inch wide curb with a concrete gutter section. If the design speed is 40 mph or below, an 8 inch
curb may be used for certain arterial and collector streets. For design speeds greater than 40 mph,
a 1 foot wide, 6 inch high sloped curb with a minimum 2 foot gutter offset should be used.

N. Parking Lane
Where curbed sections are used, the curb offset width may be included as part of the parking lane.
1. Parking lanes are not allowed on arterial streets.

2. Although on-street parking may impede traffic flow, parallel parking may be allowed by the
Jurisdiction on urban collectors where sufficient street width is available to provide parking lanes.

3. Parking lane width determinations should include consideration for the potential use of the lane as
a through or turn lane for moving traffic either during peak hours or continuously. If this
potential exists, additional parking width should be provided.

O. Cul-de-sacs

A local street open at one end only should have a cul-de-sac constructed at the closed-end. The
minimum radius for cul-de-sacs is 45 feet, which may be increased in commercial areas or if
significant truck traffic is anticipated. The border area around the cul-de-sac should be the same as
the approach street. The transition radius with the approach street will be 50 feet for residential
streets and 75 feet for commercial and industrial streets.

P. Shoulder Width

Shoulders accommodate stopped vehicles, emergency use, and provide lateral support of the subbase
and pavement. In some cases, the shoulder can accommodate bicyclists. Where no curb and gutter is
constructed a soil, granular, or paved shoulder will be provided.

Desirably, a vehicle stopped on the shoulder should clear the pavement edge by 2 feet. This
preference has led to the adoption of 10 feet as the desirable shoulder width that should be provided
along high volume facilities. In difficult terrain and on low volume highways, usable shoulders of
this width may not be practical.

Where roadside barriers, walls, or other vertical elements are used, the graded shoulder should be
wide enough that these vertical elements can be offset a minimum of 2 feet from the outer edge of the
usable shoulder. It may be necessary to provide a graded shoulder wider than used elsewhere on the
curved section of a roadway or to provide lateral support for guardrail posts and/or clear space for
lateral dynamic deflection required by the particular barrier in use. On low volume roads, roadside
barriers may be placed at the outer edge of the shoulder; however, a minimum of 4 feet should be
provided from the traveled way to the barrier.
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Q. Intersection Radii

Minimum curb return radii are shown in Table 5C-2.09 below. Where truck traffic is significant, curb
return radii should be provided according to the current AASHTO “Green Book;” turning templates
are used in this design. The lowa DOT has an lowa truck vehicle that can be used to check the

proposed radii for truck routes.

Table 5C-2.09: Curb Return Radii Based Upon Roadway Classification

Local -
Roadway Classification Arterial Collector Commercial/ chal .
; Residential
Industrial
Acrterial Special* Special* 30° 30°
Collector Special* 30° 30° 25°
Local - Commercial/Industrial 30° 30° 25° 25’
Local - Residential 30° 30° 25° 25°

*Special design required. Use turning templates.

R. Pavement Thickness

Refer to Section 5F-1 for pavement thickness determination and design.

S. References
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Asphalt Pavement Mixture Selection

A. Scope

This section is intended for the engineers and technicians who specify asphalt paving material criteria
for urban projects, generally ranging from low to medium volume, up to 10M ESALs. Vehicle
volumes exceeding 10M ESALo, or projects outside of these design standards, may require more
detailed design and/or expert consultation. The section provides a step-by-step process for
determining the appropriate mixture criteria and gives the designer additional background information
on specific mixture criteria. The section is intended to assist in selecting the mixture criteria that best
satisfy the project demands and limitations. Statewide use of this section will improve the standard
application of current accepted gyratory mix design technology. In accordance with AASHTO and
lowa DOT Materials I.M. 510, mixture selection involves the use of a 20 year design life whereas
pavement thickness design is based on a 50 year design life.

B. Definitions

Equivalent Single Axle Load (ESAL): A standard unit of pavement damage created by a single
pass of a vehicle axle.

Car axle =0.0002 ESAL  18kip truck axle = 1.0 ESAL  24kip truck axle = 3.0 ESAL

ESAL: Estimated cumulative ESALSs over a 20 year period.

N: The number of gyratory compaction revolutions at which HMA mixture properties are measured.
Nees represents 20 years of traffic loading.

Gyratory Mix Design: A laboratory process for achieving desired pavement performance by
determining the optimum proportions of aggregates and asphalt binder for hot mix asphalt using a
SHRP Superpave gyratory compactor.

Lift Designation (Surface, Intermediate, Base): The terms for the lifts in the hot mix asphalt
pavement structure. The surface lift is the top lift, about 1 1/2 inches thick. The intermediate lift(s) is
one or more lifts placed under the surface lift, generally 2 to 4 inches thick. The base lift(s) is all
mixture placed below the intermediate lift, generally limited to full depth construction.

Modified Asphalt Binders: For design traffic levels greater than 1,000,000 ESALSs (High, Very
High, and Extremely High), the binders may need to be modified and thus may be more costly.

Nominal Maximum Aggregate Size (NMAS): The mixture size designation used for the combined
aggregate gradation. Defined as one sieve size larger than the first sieve to retain more than 10%.

Performance Graded (PG): National asphalt binder grading system, developed by AASHTO, based
on high and low pavement operating temperatures (°C). A PG binder is identified using a
nomenclature of PG XXYY, followed by an ESAL designation (L, S, H, V, E). The XX is the high
pavement temperature in degrees Celsius in which the binder should resist rutting. The YY, in
negative Celsius, is the low pavement temperature in which the binder should resist cracking. For
example a PG 58-28S should resist rutting to 58 °C and cracking of the pavement to a temperature of
-28 °C under standard (0.3 M to 1 M ESALSs) traffic loading.
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C. Design Checklist

Designers should follow the steps below to ensure that the material criteria selected will best meet the
needs of the project and the constraints of the owner agency.

1.

Determine the Level of Traffic Forecasted for the Next 20 Years: Both current and future
traffic levels are needed to determine the appropriate asphalt mixture for the project. Even if the
project is not expected to remain in place for 20 years, the material selection levels are based on
20 year values. Common values are average daily traffic (ADT) for the current year, ADT for the
20 year forecast, and percent trucks. In addition to these annualized daily values, the designer
should consider potential seasonal high truck volumes, and give particular attention to point
sources and future development areas that may generate heavy truck volumes, like quarries,
industrial parks, and bus lanes. Seasonal truck volumes may reflect a rate of pavement loading
well in excess of the annualized values.

Understand the Pavement Section Design or Rehabilitation Strategy: In order to make the
proper mixture selection, the designer must have knowledge of the proposed pavement
construction or rehabilitation and intended pavement performance. The thickness of the
pavement will also affect the material and mixture selection. Particular parameters include
required structural thickness, existing pavement cross section and condition (dominant distress
patterns), traffic patterns and speed, and past maintenance.

Determine the Regional Climate Conditions: Iowa’s 1 day low pavement temperature
ranges approximately 5°C from north to south. Adjusted for 98% reliability, the values range
from -28 °C to -24 °C. The 7 day high pavement temperature across the state only varies by 3 °C.
These values are computed from daily high air temperatures. Adjusted for 98% reliability, the
pavement temperature values range from 56 °C to 59 °C. Climate details for a specific location
can be obtained from the LTPPB software package available on the FHWA website
(https://infopave.fhwa.dot.gov/). See Figures 5D-1.01 and 5D-1.02.

Compute the Anticipated 20 Year Pavement Loading: The design pavement loading is the
starting point for selecting the material and mixture selection criteria. The design pavement
loading is measured in ESALS, not ADT. To determine the design ESALS on the project, use the
traffic conditions from Step 1 and compute the ESAL2. Use the examples outlined in Examples
5D-1.01 and 5D-1.02, for two lane, two way traffic; use Example 5D-1.03 for urban multi-lane
situations. Design ESAL levels for asphalt criteria selection are divided into relatively large
brackets. While a firm understanding of the traffic and pavement loading is important, good
approximations of truck traffic are normally sufficient to determine the design requirements.

Identify Any Special Conditions that Impact the Pavement: The standard selection process is
based on high speed traffic with a broad distribution of vehicle types. There are numerous special
conditions that may, through engineering judgement, require changes in the standard pavement
materials/mixture selection. These special conditions are outlined below.

a. Heavy Trucks: If the pavement’s history has regularly been impacted by heavy trucks, the
designer may consider increasing either the binder grade through the designation of a higher
design traffic loading, the mix designation (ESAL level), or both. Typical examples of this
condition are routes adjacent to quarries, grain elevators, or regional commercial freight
distribution centers.
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b.

g.

Slow/Stop/Turning: Urban roadways normally require slower running speeds and often
include signed or signaled intersections. The pavement loading condition significantly
increases at slower speeds (less than 45 MPH) and stopped vehicles at intersections. The
designer may consider increasing the binder grade through the designation of a higher design
traffic loading and/or the percent of crushed aggregate to account for this condition.
Economics will determine if the higher grade of binder can be applied to the whole project, or
just the impacted length of pavement (i.e. intersection and approaches).

Durability: Many low-volume asphalt pavements are more susceptible to failure due to long
term aging than to rutting or fatigue. For pavements with good maintenance histories the
designer may want to ensure that the mixture selection will provide adequate durability and,
if economically necessary, sacrifice some reliability against rutting or fatigue. This can be
accomplished through the selection of a lower compaction level and/or the selection of a
softer grade of binder.

Urban vs. Rural: Separate from the issue of traffic speed, rural projects that pass through
urban locations should consider mix sizes (NMAS) that will appeal to the pedestrian traffic.
In general, smaller mix sizes will have a better surface appearance than larger mix sizes. The
designer can specify smaller mix sizes than those provided in the material selection guide
table, but should also consider the availability of the aggregates when making that decision.
Similarly, the designer may choose to use a larger mix size on rural sections for the purpose
of reducing the asphalt binder content in the mixture.

New Construction vs. Rehabilitation: The design guide takes into account the major
pavement performance factors including rutting, fatigue, and low temperature cracking.
When an overlay is placed directly on a slab to be rehabilitated, the existing pavement
distress influences the overlay performance and thus the design. If the underlying pavement
is PCC or asphalt with thermocracking, the reflective cracking in the overlay will dominate
over low temperature cracking so the design parameters related to low temperature cracking
for the overlay become less of a factor in the design. If a stress relief layer is included in the
overlay design, low temperature cracking should be considered.

Seasonal Traffic: Seasonal traffic occurs over a relatively short period of time and may
create pavement damage in excess of the normal traffic. For example, grain harvest, lowa
State Fair, festivals, etc. may generate higher volumes (in terms of ESALS) of traffic for a
short period of time. This does not only take into account traffic volumes, but also pavement
loads.

Mixture Workability: Smaller mixture sizes are easier to use for hand work.

6. Select the HMA Mixture Criteria for Each Pavement Layer: Using the information
developed in steps 1 through 5, select the PG binder grade, mixture size, mix design level, and
aggregate properties.

a.

PG Asphalt Binder Grade: Engineers should evaluate the initial costs, traffic loadings,
historical experience, and potential maintenance costs when selecting the appropriate binder
for a project. The designer should select a binder that nominally satisfies 98% temperature
reliability for both the 7 day high pavement temperature and the 1 day low pavement
temperature (see 5D-1, C, 3). The 98% reliability level described by LTPP Bind designates
the areas that are covered to the most extreme high and low temperatures in lowa. When
evaluating the binder to select, the engineer should balance initial costs for the binder and the
likelihood of maintenance requirements caused by rutting/shoving for high pavement
temperatures and low temperature cracking during the 1 day cold temperatures. In lowa, PG
58-28S binders will provide full 98% reliability.
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Engineers may designate an “H” binder, such as PG58-28H, to accommaodate higher truck
traffic and/or slower stop and go traffic. For the very highest volume roadways, a PG-58-28V
should be considered.

For all base and intermediate layers that are 3 to 4 inches below the surface, PG 58-28S is the
recommended binder. The surface binders will insulate the lower layers from the severe one
day low temperature event. For projects in the central and southern parts of the state that
involve overlays, it may be appropriate to use PG 64-22S. If no method is used to retard the
reflective cracking, such as an interlayer, rubblization, or crack and seat, the resistance to low
temperature cracking is not critical. If there are methods employed to retard the reflective
cracking, a PG 58-28S or PG 58-28H should be used.

Agencies in the central and southern part of the state who have had historical success using
PG 64-22S may continue use of that binder grade.

Table 5D-1.01: Asphalt Binder for Local Agencies

Asphalt Mixture Criteria
. . . Design .
Design Traffic Mix . Design Speed .
. . Traffic PG Binder
6
(1 x 10° ESALs) | Designation (1 x 10° ESALS) (MPH)
<0.3M LT <03M and <45 58-28S
0.3MtolM ST 0.3MtolM and > 45 58-28S
0.3MtolM ST 0.3MtolM and 15to 45 58-28S!
1tol0M HT 1to10M and 15to 45 58-28H
64-22S? or
Overlays LT/ST/HT <10M and 15t0 45 58-28S or H

L=Low S=Standard H =High

1 Use of PG 58-28H should be considered if heavy truck or bus traffic is present.
2 If methods are used to retard reflective cracking, PG 58-28S or H is recommended.

b. HMA Mixture Size: Each mixture size (NMAS) is a function of the available aggregates,
project conditions, and lift thickness. Minimum lift thickness is a function of density and
mixture constructability. The following table shows the minimum lift thickness for the
following mix sizes:

Mix Size Minimum Lift Thickness
3/8” 1”
1/2” 11/2”
3/4” 21/4”
1” 3”

c. Mix Design Level: Based on the projected ESAL» value, seasonal traffic loading and
current pavement distress, the designer must select a mix design level. The boundaries of the
design levels are not absolute, so the designer should take into consideration the assumptions
used to compute the ESAL value.
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d. Aggregate Properties: The mixture design criteria (Table 5D-1.03) is derived from lowa
DOT Materials .M. 510. Table 5D-1.03 specifies a 15% increase in percent crushed
aggregate for surface and intermediate mixes 1 M ESALSs and less to account for slow, stop,
and turning conditions. This will be a local decision based on past performance and available
aggregates. The actual percent crushed needed to achieve the mix design gyratory
compaction volumetrics will vary with the quality of the aggregates used. Both the specified
percent crushed and the gyratory compaction volumetrics must be satisfied by the asphalt
mixture.

7. Check for Availability of Materials to Meet the Mix Design Criteria: Review the mix design
criteria selected in step 6 and determine if the binder and aggregates required to meet the mix
design criteria are readily available or accessible at a reasonable cost. Contact local producers
and/or district materials engineers, if the designer plans to use non-standard criteria. Imported
aggregates and modified binders generally cause higher costs. The designer should be ready to
justify the mix selection decision.

8. Place Mix Criteria in the Project Plans and Proposal: The following information should be
placed in the plans and proposal:

a. Traffic and ESALy Projections: The traffic and ESAL 2o projections should be listed on the
title sheet of the plans. The ESAL value should coincide with the selected mix design level.
If seasonal ESALS are used for design, the title sheet should note that the ESAL» value is
based on seasonal loading. The following is an example title sheet.

Traffic

Current ADT
Future ADT
Present Trucks
ESALy

b. HMA Mixture: Each asphalt mixture bid item is defined by the ESAL level, lift designation,
and aggregate size. The mixture properties for each mixture level are specified in the
specifications and Table 5D-1.03. If the designer specifies a different percent crushed
aggregate, this should be identified in the bid item note on the plans. The designer should
avoid placing the mix size in additional sections of the plans to minimize errors associated
with duplication. The exception to this guide would be a bid item note or tabulation intended
to identify locations of different mix sizes for the same lift.

c. Asphalt Binder Grade PG XX -YY: The asphalt binder grade should be specified in the bid
item. The designer should avoid placing the binder grade in additional sections of the plans
to minimize errors associated with duplication. The exception to this guide would be a bid
item note or tabulation intended to identify binder use when multiple binders are specified.
The following is an example bid item.

Mix  Binder Mix Design
Lift Designation Size  Grade Level

'

HMA Standard Traffic (ST) Surface, 3/8”, PG 58-28S
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D. Material Properties

1. Typical PG Grades and Their Application: PG 58-28S is the common conventional binder
used in lowa.

Some applications utilize specific binder grades. Use PG 58-34E meeting AASHTO T-321 with
a minimum of 100,000 cycles to failure for asphalt interlayer applications. Use PG 58-34E+
meeting AASHTO T-324 with a minimum 90% elastic recovery for high performance thin lift
applications.

When recycled asphalt materials (RAM) are used and they exceed 20% replacement of the total
binder, the binder grades may need to be modified. See lowa DOT Materials .M. 510.

If warm mix asphalt (WMA) technologies are utilized, the binder grade selection is based on
plant mixing temperatures and the level of field compaction. See lowa DOT Materials .M. 510
for information on the appropriate binder grade.

2. Aggregate Source Properties: Aggregate source properties are defined in lowa DOT
Specifications Section 4127. The mixture criteria listed in Table 5D-1.03 defines the aggregate
type for each mixture level specified for the project. Each individual source of aggregate is
expected to meet these criteria. The designer may specify a different aggregate type in the bid
item note.

3. Aggregate Consensus Properties: Aggregate consensus properties are listed in Table 5D-1.03
for each mixture level. These properties include percent crushed aggregate, fine aggregate
angularity, clay content (sand equivalent), and flat and elongated particles. These aggregate
properties are measured on the combined aggregate, not individual aggregates.

If the designer specifies a value different from Table 5D-1.03, the value selected should be based
on the local practice and desired pavement performance. The asphalt mixture must satisfy both
the percent crushed aggregate and laboratory compaction volumetric criteria. The percent
crushed aggregate specified is interdependent on the compaction level and the quality of the
aggregate.

E. Use of Mixture Selection Guide and Design Criteria Tables

Two tables in Subsection H are provided to assist designers with the selection of asphalt materials for
projects. The Asphalt Mixture Selection Guide (Table 5D-1.02) provides the project designer with a
set of standard material selections that will satisfy most projects. The Asphalt Mixture Design
Criteria (Table 5D-1.03) is derived from lowa DOT Materials .M. 510 and provides the mix designer
with the detailed mix criteria for each mixture level. The mixture selection guide and mixture design
criteria represent the current understanding of accepted asphalt properties for application on urban
routes.

The Asphalt Mixture Selection Guide (Table 5D-1.02) represents commonly used mixture
parameters, but does not preclude the project designer from deviating from the "recommended”
values. The designer should understand the impact of any modification. The first two columns
define the standard mixture levels based on traffic loading. The middle columns establish lift
thickness and mix size relationships. It should be noted that Table 5D-1.02 does not address required
pavement thickness to meet structural needs (Section 5F-1). The Bid Item Designation column ties
the mixture levels to the bid items. The final column gives a general statewide guide for the
estimated binder content. Local binder content experience may be more appropriate for project
estimated quantities. This table does not address the need for special friction aggregate. In general
terms, urban routes do not require special friction aggregate.
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As mentioned earlier, the Asphalt Mixture Design Criteria (Table 5D-1.03) is derived from lowa
DOT Materials .M. 510. However, the table differs from I.M. 510. For the surface and intermediate
layers of the LT mixes, the amount of crushed aggregate was increased by 15% and for the ST mixes,
all layers have an additional 15% crushed aggregate. A different aggregate type and the percent
crushed aggregate may be specified by the designer for the project. These values established in the
table are prescribed for each mixture and care should be exercised if altered by the project designer.
The designer should only change these values when familiar with the material properties and mixture
performance for the local area. The bid item plan note must include these values, if it differs from the
value in Table 5D-1.03.

F. Example Plans

1. Title Page: The traffic and ESAL projections should be listed on the title sheet of the plans.
The ESAL value should coincide with the selected mix design level. If seasonal ESALS are
used for design, the title sheet should note that the ESALo value is based on seasonal loading.

2. Typical Section: Lift thickness should be shown on the typical section. The lift thickness should
match or exceed the recommended lift thickness for the mixture size selected, provided
compactive requirements are also achieved. The lift should be designated as surface,
intermediate, or base. Mixture size or design ESAL 2 level should not be added to the typical
section (it is specified in the bid item).

3. Bid Items: Unless otherwise specified, each bid item covers the mixture and binder grade
selected. The corresponding bid item note must specify the minimum percent crushed aggregate,
if it differs from the value in Table 5D-1.03.

G. Examples for Determination of Traffic ESALs

Similar to pavement thickness design, the asphalt mixture is designed for the frequency and size of
the load applied to the pavement. While it is important to have a good understanding of the traffic, it
is possible to select the asphalt paving materials based on reasonable approximations. If the designer
has actual traffic data, including a distribution of truck types and loads, the current annual ESAL
value can be computed from the AASHTO pavement design tables. For most projects however, the
designer will determine estimated values based on a general familiarity with the route. The following
examples can be used to approximate the design ESAL . for a project.

Example 5D-1.01: Two Lane, Two Way Traffic, Low Volume Street

Step Task Values
Given: Current AADT 1,000
1 Percent Trucks 5%
Percent Annual Growth Rate 2%
Design Period 20 years
Base Year Design ESALs
2| [from Section 5F-1, Table 5F-1.08] 8,000 ESALs
3 Growth Factor 943
[from Section 5F-1, Table 5F-1.11] '
Compute ESAL
4| [8,000 ESALS x 24.3] 194,400 ESALs
5 Select HMA mixture design level <03M

[from Table 5D-1.02, HMA Mixture Selection Guide]
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Example 5D-1.02: Two Lane, Two Way Traffic, High Volume Street

Step Task Values
Given: Current AADT 10,000
1 Percent Trucks 3%
Percent Annual Growth Rate 3%
Design Period 20 years
Base Year Design ESALSs
2| " [from Section 5F-1, Table 5F-1.08] 50,000 ESALs
3 Growth Factor 26.9
[from Section 5F-1, Table 5F-1.11] '
Compute ESAL 2
4 | [50,000 ESALS x 26.9] 1,345,000 ESALs
5 Select HMA mixture design level 11010 M
[from Table 5D-1.02, HMA Mixture Selection Guide]
Example 5D-1.03: Four Lane Street
Step Task Values
Given: Current AADT 15,000
1 Percent Trucks 5%
Percent Annual Growth Rate 2%
Design Period 20 years
Base Year Design ESALs
2 [from Section 5F-1, Table 5F-1.10] 75,000 ESALs
3 Growth Factor 943
[from Section 5F-1, Table 5F-1.11] '
Compute ESAL 2
4 | "[75,000 ESALs x 24.3] 1,822,500 ESALS
5 Select HMA mixture design level 11010 M

[from Table 5D-1.02, HMA Mixture Selection Guide]
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H. Tables and Figures

Table 5D-1.02: Mixture Selection Guide

Design ESAL20 Layer Lift Thickness® Mix Bid Item Binder
(Millions) Designation min rec max Size! Designation Content?

Surface 15 15 2.5

<03 Intermediate 1.5 1.5 3 1/2” Low Traffic (LT) 6.00
Base 15 3 4.5
Surface 15 15 2.5

0.3t01.0 Intermediate 1.5 1.5 3 1/2” Standard Traffic (ST) 6.00
Base 1.5 3 4.5

Surface 15 2 2.5 1/2” 6.00

1.0t0 10.0 Intermediate 2 2.5 3 3/4” High Traffic (HT) 5.50

Base 3 4 4.5 17 5.25

1 The Common mix size is shown. When other mix sizes are used, the minimum lift thickness also changes (see Section 5D-1, C, 6, b).
2 These values are for estimating quantities only. The actual asphalt binder content is established in the approved job mix formula.
3 Some lift thickness values in this guide may conflict with traffic control or allowable compaction criteria.

Table 5D-1.03: Mixture Design Criteria
(derived from lowa DOT Materials I.M. 510)

Gyratory Density Aggregate?
: Layer Design Film : Sand
MIX | Designation | N | % Gom | Thickness QT“a"ty Crush FAA | Equivalent
(target) ype (min) (min) (min)
0.3MS 1 n
LT 0.3MI 50 96.0 8.0 -15.0 A 60 40
0.3MB 97.0 Al 45
1M A 75!
S 96.0 > 40
ST IMI 50 8.0-15.0 Al 60! 40
1M B 97.0
10M S 75
96.0 A
HT 10M | 75 8.0 -15.0 43 45
10M B 96.5 Al 60

For mix design levels exceeding 10M ESALs, see lowa DOT Materials I.M. 510.

1 Requirements differing from lowa DOT Materials 1.M. 510; for base mixes, aggregate quality improved from B to A and percent crushed

aggregate increased by 15%.

2 Flat & Elongated 10% maximum at a 5:1 ratio
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PCC Pavement Mixture Selection

A. General Information

Concrete is basically a mixture of two components, paste and aggregates. Cement and water form the
paste, which binds the aggregates, usually sand and gravel or crushed stone, into a solid rocklike
mass. The paste hardens due to a chemical reaction of the cement and water, known as hydration. In
addition to the basic ingredients, supplementary cementitious materials (SCMs) and chemical
admixtures may be included in the paste. This section will introduce the pavement designer to the
PCC mixture components and their characteristics and behaviors so the optimum mixture selection
for concrete pavements can be determined. It should be noted, the SUDAS Specifications reference
the lowa DOT Specifications for concrete mix materials, design, and proportions.

Figure 5E-1.01: Concrete is Basically a Mixture of Cement, Water/Air, and Aggregates
(percentages are by volume)

"1 9-15% Cement\

5 Paste (cement + water)

15-16% Water

)

>Mortar (paste + fine aggregate)

25-35% Fine aggregate

j > Concrete (mortar + coarse aggregate)

A 30-45% Coarse aggregate

Sources: Taylor et al, 2006

B. Cementitious Materials

Cementitious materials are classified as either hydraulic cements or pozzolans. The difference
between the two is their reaction when mixed with water.

1. Hydraulic Cements: Hydraulic cements chemically react with water through a process called
hydration. The compounds produced during hydration affect the setting, hardening, and strength
gains of hydraulic cement mixtures. The hydration process occurs until the hardening of the
concrete is complete and the strength gains have ceased. Portland cement, the most common type
of hydraulic cement, contains hydraulic calcium silicates, calcium aluminates, calcium
aluminoferrites, and calcium sulfate (gypsum). The reaction of the water being in contact with
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the hydraulic cement produces a byproduct of calcium silicate hydrate (C-S-H) and calcium
hydroxide (CH). Blended cements, a manufactured blend of Portland cement and one or more
supplementary cementitious materials (SCMs), are also hydraulic cements.

a. Types of Hydraulic Cements: As outlined by ASTM C 1157, a performance specification,
there are six types of hydraulic cements.
1) Type GU: General use
2) Type HE: High early strength
3) Type MS: Moderate sulfate resistance
4) Type HS: High sulfate resistance
5) Type MH: Moderate heat of hydration
6) Type LH: Low heat of hydration

If an “R” is added after the type name, HE-R, it denotes low reactivity with alkali-reactive
aggregates.

b. Types of Portland Cement: There are five different types of Portland cements that are
required to meet the specifications of ASTM C 150/AASHTO M 85.
1) TypeI: Normal
2) Type Il: Moderate sulfate resistance
3) Type I11: High early strength
4) Type IV: Low heat of hydration
5) Type V: High sulfate resistance

c. Types of Blended Cements: Blended hydraulic cements are a combination of two or more
types of fine materials. They can be used the same way as Portland cements. Typical
materials that are combined are Portland cement and SCMs, including ground granulated
blast-furnace slag (GGBF slag), fly ash, silica fume, calcined clay, pozzolans, or hydrated
lime. These combinations that make blended hydraulic cements must conform to ASTM C
595 requirements. The two main classes of ASTM C 595 cements are:

1) Type IS (X): Portland blast-furnace slag cement
2) Type IP (X): Portland-pozzolan cement

The “X” stands for a percentage of the SCM included in the blend. Type IS (40) contains
40% by mass of slag.

d. Selection of Cement: The selection of cement is important when considering which type to
use on the job. The main aspect to consider when selecting which cement is right for the job
is the availability of cements. Types I and Il are available almost everywhere, where Types
11, IV, and V are less common in certain areas. Blended cements are available almost
everywhere. The lowa DOT and SUDAS Specifications allow Types | and Il cements to be
used in pavements, in addition to Types IP and IS blended cements.

2. Pozzolans: Pozzolans do not react when solely mixed with water; they require a source of
calcium hydroxide (CH) to hydrate. The most common source of CH comes from the hydration
of hydraulic cements, which produces both calcium silicate hydrates (C-S-H) and CH (a less
desirable product). When combined with water and CH, pozzolans form additional C-S-H. This
additional C-S-H contributes to concrete strength and impermeability of the cement mixtures.
Common pozzolans include fly ash, silica fume, and natural pozzolans such as calcined clay,
calcined shale, and metakaolin.
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Table 5E-1.01: Cementitious Materials

Cementitious Materials

Hydraulic cements Pozzolans (or materials with
pozzolanic characteristics)

Portland cement
Blended cement

Supplementary GGBF slag GGBF slag

cementitious materials Class C fly ash Class C fly ash

Class Ffly ash

Natural pozzolans (calcined clay,
calcined shale, metakaolin)
Silica fume

Simple Definitions
Cement (hydraulic cement)}—material that sets and hardens by a series of nonreversible chemical reactions with
water, a process called hydration.

Portland cement—a specific type of hydraulic cement.
Pozzolan—material that reacts with cement and water in ways that improve microstructure.
Cementitious materials—all cements and pozzalans.

Supplementary cementitious materials—cements and pozzolans other than portland cement.

Blended cement—factory mixture of portland cement and one or more SCM.

Source: Taylor et al, 2006

C. Supplementary Cementitious Materials

Supplementary Cementitious Materials (SCMs) are a common addition to the mix in modern concrete
mixtures. SCMs can contribute to the concrete through either hydraulic or pozzolanic activity or
both. For example, GGBF slags are hydraulic materials, and Class F fly ashes are typically
pozzolanic. Class C fly ash has both hydraulic and pozzolanic characteristics. There are four main
types of SCMs are fly ash, ground granulated blast furnace slag (GGBF slag), natural pozzolans, and
silica fume.

Fly ash is the most commonly used SCM and includes two types, Class C and Class F. Substituting
fly ash in concrete mixes can reduce the amount of water required for workability but delays the
setting time of the concrete. The addition of fly ash causes a slower but longer reaction rate in the
concrete. As a result, the heat of hydration is reduced, and the setting time of the mix is delayed.

1. Effects of SCMs: The addition of SCMs to a concrete mixture affects a wide variety of
properties for the concrete. Tables 5E-1.02 and 5E-1.03 indicate the effects of SCMs on fresh
and hardened concrete properties. The modified properties include the following:

a. Fresh Properties: Fly ash and GGBF slag increase the workability of the concrete, while
silica fume can reduce workability at concentrations greater than 5%.

b. Durability/Permeability: SCMs generally increase the durability of the concrete by
reducing the permeability of the concrete mix. As a result, the concrete is less susceptible to
chloride penetration. The quality of the SCMs and the work practices of the contractor are
important to realize these benefits.
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c. Resistance: Alkali-silica reactivity can be controlled with SCMs. The optimum dosage of
fly ash has proven to reduce reactivity. Silica resistance is also improved with the addition of
SCMs by reducing the reactive elements that contribute to expansive sulfate reactions. Class
F fly ash is more effective than Class C, and GGBF slag is beneficial in sulfate environments.
SCM content in concretes subject to freezing should not exceed 50%; however, they are still
durable if over 50% is used.

Table 5E-1.02: Effects of SCMs on Fresh Concrete Properties

Fly ash Natural pozzolans
Class F Class C GGBF Silica Calcined Calcined Metakaolin
slag fume shale clay

Water requirements v ¥ v v v A A <> <> A
Workability A 4 A v ¥ 4 A v
Bleeding and segregation * * ¢ ,} + <> <> ,}
Air content ‘l’ ‘l' " vjr N 4' * 'lf <> <> 4'
Heat of hydration v ¢ v <> ¥ v v
Setting time 0 0 A PN 4 A <>
Finishability A A 4 ¢ A A A
Pumpability 0 0 0 0 4 0 0
Plastic shrinkage cracking <€ <> <> T <> «—> <>
Sources: Thomas and Wilson (2002b); Kosmatka, Kerkhoff, and Panarese (2003)
* Effect depends on properties of fly ash, including carbon content, alkali content, fineness, and other chemical

properties.
Key: + reduced
v v significantly reduced
+ increased
44 significantly increased
« no significant change
1 effectvaries

Source: Taylor et al, 2006
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Table 5E-1.03: Effects of SCMs on Hardened Concrete Properties

Fly ash

Natural pozzolans

Class F Class C GGBF Silica Calcined Calcined Metakaolin
slag fume shale clay

Early strength v <> v A 4 v ¥ A A
Long-term strength A 4 A4 4 A A 4
Permeability v v v v v v v v v
Chloride ingress v v v v v v v NND
ASR vy { vy v v v v

Sulfate resistance f f i f "‘ f ‘!‘ f 1‘

Freezing and thawing <> > <> <> <> > <>
Abrasion resistance <> <> <> <> <> <> <>
Drying shrinkage > > > <> > > >

Sources: Thomas and Wilson (2002b); Kosmatka, Kerkoff, and Panarese (2003)

Key: + reduced
+ + significantly reduced
+ increased
4 4 significantly increased
« no significant change
4 effectvaries

Source: Taylor et al, 2006

2. Limitations on the Use of SCMs: Table 5E-1.04, which is adapted from ACI 218, provides
recommended maximum amounts of SCMs for concrete exposed to deicing chemicals, such as
lowa concrete pavements. The lowa DOT and SUDAS Specifications limit the usage of SCMs
below the ACI maximum amounts. By those specifications, the maximum allowable fly ash
substitution rate is 20%, and the GGBF slag substitution rate is limited to no more than 35% by
weight (mass). The total mineral admixture substitution rate cannot exceed 40%. When Type IP
or IS cement is used in the concrete mixture, only fly ash substitution is allowed.

Table 5E-1.04: Cementitious Materials Requirements for Concrete Exposed to Deicing Chemicals

Maximum Percent by Total Cementious Materials
Cementitious Materials* by Mass**
ACI Values lowa Values

Fly ash and natural pozzolans 25 20
GGBF slag 50 35
Silica fume 10 0
Total of fly ash, GGBF slag, silica fume, and 5 (e 40
natural pozzolans

Total of natural pozzolans and silica fume 35*** 20

* Includes portion of supplementary cementitious materials in blended cements.
**  Total cementitious materials include the summation of portland cements, blended cements, fly ash, slag, silica fume, and

other pozzolans.

*** Silica fume should not constitute more than 10% of total cementitious materials and fly ash or other pozzolans must not

constitute more than 25% of cementitious materials.

Source: Taylor et al, 2006
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D. Aggregates

Aggregates account for 60% to 75% of concrete by volume and are seldom susceptible to moisture
and chemical changes, making them an important ingredient in concrete mixtures. Aggregates
influence the concrete’s freshly mixed and hardened properties, mixture proportions, and economy.
They must be durable and free of any absorbed materials, clay, and materials that effect the
interaction with the cement.

1. Types of Aggregates:

a.
b.

Carbonate Rock: Mainly limestone and dolomite with low porosity and low absorption rate.
Granite: Igneous rocks composed mainly of silica and silicates with the highest modulus of
elasticity of any rock type available.

Gravel and Sand: Typically mixtures of many minerals and rocks. Gravel and sand from
shale, siltstone, or unsound material rich rocks tend to be unsound and not recommended.
Sand and gravel from higher elevations and that have been smoothed by water are best.
Manufactured Aggregates: Produced by crushing rocks into smaller pieces. Least likely to
be contaminated, but mixtures with manufactured aggregates tend to be harder to work with
and require more water.

Recycled Aggregates: Made from crushing concrete pavement and mixed with new
aggregates. Typically has a higher absorption rate.

The following aggregate properties are important to consider when mixing concrete: gradation,
durability, particle shape, surface texture, absorption, coefficient of thermal expansion, and resistance
to freezing and thawing

2. Gradation: Gradation is a measure of the size distribution of aggregate particles, determined by
passing aggregate through sieves of different sizes (ASTM C 136/ AASHTO T 27). Grading is
most commonly shown as the percentage of material passing sieves with designated hole sizes.
Aggregates are classified as coarse or fine by ASTM C 33/AASHTO M 6/M 80 as follows:

a.

Coarse Aggregate: Coarse aggregate consists of gravel, crushed gravel, crushed stone, or
crushed concrete that is retained on the No. 4 sieve. The maximum size of a coarse aggregate
is generally 3/8 inch to 1 1/2 inch.

1) Coarse aggregate requirements allow a wide range in selection.

2) If the proportion of fine aggregate to total aggregate produces concrete of good
workability, the grading for a given maximum size coarse aggregate can be varied
moderately without appreciably affecting a mixture’s cement and water requirements.

3) Coarse aggregate size is limited by local availability, the maximum fraction of the
minimum concrete thickness or reinforcing spacing, and the ability of the equipment to
handle the concrete.

Fine Aggregate: Fine aggregate consists of natural sand, manufactured sand, or
combinations of the two that pass the No. 4 sieve. Very fine particles (passing the No. 100
sieve) are limited by specifications because they have extremely high surface-to-volume
ratios that require more paste.

1) Arelatively wide range in fine aggregate gradation is allowed.

2) If the water to cementitious materials (w/cm) ratio is kept constant and the ratio of fine to
coarse aggregate is chosen correctly, a wide range in grading can be used without a
measurable effect on strength.

3) Generally, increasing amounts of fine material will increase the water demand of
concrete.
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c. Well-graded Aggregate: It is important to maximize the amount of aggregate in concrete
mixtures because they are more chemically and dimensionally stable than cement paste. This
is done by selecting the best aggregate grading for the job.

1) Aggregates with a variety of sizes are optimum because smaller particles fill the voids
between larger particles, maximizing the aggregate volume.

2) Adggregate size and grading is important when trying to achieve the preferred water
content. Smaller aggregates require more paste because of the high surface to volume
ratios, and vice versa.

3) Mixtures with properly graded aggregates tend to have less permeability and shrinkage,
will be easier to handle, and will be the most economical.

d. Combined Aggregate Grading: The most important grading in a concrete mixture is the
combined aggregate, utilizing the coarse and fine aggregates. Aggregates with a smooth
grading curve will generally provide better performance than a gap-graded system.

1) Research on air-entrained concrete has indicated the w/cm ratio could be reduced by
more than 8% using combined aggregate gradation.

2) If problems develop due to a poor gradation, consider using alternative aggregates,
blending aggregates, or conducting a special screening of existing aggregates.

3. Durability: Aggregates containing minerals (see Table 3-12 in Design and Control of Concrete
Mixtures) can react with alkali hydroxides and expand when exposed to moisture, cracking the
concrete. Some rock types are potentially susceptible to alkali-silica reactivity (ASR) (shown in
Table 3-13 from Design and Control of Concrete Mixtures). ASR and alkali carbonate reactivity
can be avoided by expansion tests and petrography. Aggregates with coarse surfaces may be
susceptible to freeze-thaw damage and cause D-cracking, damaging the concrete. The abrasion
resistance of an aggregate indicates the quality; the higher the resistance, the higher the quality.
The maximum percent of abrasion allowed for crushed stone is 50% and for gravel is 35% by the
lowa DOT and SUDAS Specifications, as determined according to AASHTO T 96.

a. Durability Determination: Durability of aggregates allowed for use in pavements by the
lowa DOT and SUDAS Specifications is based on service history; geologic correlation; and
testing, including abrasion, freeze-thaw, and objectionable materials.

b. Durability Classes: Based on the durability determination, aggregates are designated as
follows.

1) Class 2 Durability: No deterioration of pavements of non-interstate segments of the
road system after 15 years and only minimal deterioration in pavements after 20 years of
age. Class 2 is the default durability requirement by the SUDAS Specifications for
aggregates used in mixes for urban pavements.

2) Class 3 Durability: No deterioration of pavements of non-interstate segments of the
road system after 20 years of age and less than 5% deterioration of the joints after 25
years.

3) Class 3i Durability: No deterioration of pavements of the interstate road system after 30
years of service and less than 5% deterioration of the joints after 35 years.

4. Particle Shape: Aggregate shapes are described as either cubic, flat, or elongated. The use of
flat and elongated particles should be limited to 15% the total mass of aggregate in an effort to
reduce water demands. Rough textured, angular, and elongated particles require more water to
make concrete mixtures smooth and workable. Angular aggregates have higher flexural and
compressive strengths along with a higher skid resistance.

5. Surface Texture: Different textures may be used in a mixture as long as the mixture is properly
proportioned with the varying textures. Rough textures are advantageous because of better
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bonding and interlocking. If coarse surfaces are used, the particle sizes should be reduced and

drainage should be improved around the base.

6. Absorption: It is important to know what state of moisture the aggregates are in during batching

so that the w/cm ratio can be adjusted.

a. Wet aggregates contribute undesired moisture.

b. Saturated surface dry - neither absorbing water from nor contributing water to the concrete

miX - is the ideal moisture level.

c. Anincreased wic ratio increases shrinkage and reduces strength.

d. Aggregates with high absorption values result in variations of concrete quality.

7. Coefficient of Thermal Expansion (CTE): Similar to freeze-thaw resistance, an aggregate’s
CTE is how much it changes in size during temperature changes. Low CTE values are desirable
because their size changes the least and tend to crack less. In lowa, CTE is generally not a
problem because of the prevalent use of limestone aggregate, which has a low CTE as illustrated

in Table 5E-1.05.

Table 5E-1.05: Typical CTE Values for Common PCC Ingredients

Coefficient of Thermal Expansion
10%/°F
Adggregate
Granite 4t05
Basalt 3.3t04.4
Limestone 3.3
Dolomite 41055
Sandstone 6.1t06.7
Quartzite 6.1t07.2
Marble 22t04
Cement paste (saturated) 10to 11
Steel 6.1106.7

Note: These values are for aggregates from specific sources, and different aggregate sources

may provide values that vary widely from these values.

Source: Taylor et al, 2006
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8. Freeze-thaw Resistance: The freeze-thaw resistance of aggregates is related to its porosity,
absorption, permeability, and pore structure. If too much water is absorbed and the concrete
aggregates freeze, the expanding aggregates can potentially destroy the concrete. This
degradation of the concrete aggregate is known as D-cracking (see photo below). D-cracking can
be reduced by selecting aggregates that have a better freeze-thaw resistance, reducing the
maximum particle size, and by installing an effective drainage system to pull water out from
underneath the pavement. The use of higher quality aggregates is recommended to increase
freeze-thaw resistance. As noted, Class 11 limestone aggregates will provide greater freeze-thaw
resistance than Class 1. Some gravel sources will also outperform the Class 11 aggregates, but the
actual freeze-thaw resistance should be verified prior to use.

E. Chemical Admixtures

Any ingredient other than portland cement, supplementary cementitious materials, water, and
aggregates is considered an admixture. There are eleven different types of chemical admixtures, the
four most common are air-entraining admixtures, water-reducing admixtures, retarding admixtures,
and accelerating admixtures. Reasons for using admixtures are to reduce the cost of concrete
construction, assist in construction operations, obtain certain properties in concrete, and maintain the
quality of concrete over longer periods of time. Admixtures are used to complement acceptable
cementing practices and should not be used to substitute them.

1. Air-entraining Admixtures: Air-entraining admixtures are the most common type of admixture
used. Air-entraining admixtures have the ability to control and entrap air bubbles in concrete,
providing the user with a more durable and workable concrete. These admixtures affect concrete
by improving freeze-thaw resistance, increasing workability, improving deicer resistance, and
reducing sulfate and alkali reactivity.

Keep in mind for every 1% entrained air, concrete loses about 5% of its compressive strength.
The lowa DOT and SUDAS Specifications require air content of the unconsolidated concrete
ahead of the paver to be 8% + 2%, with the goal to have a minimum of 5% air entrained in the
hardened concrete.

2. Water-reducing Admixtures: Water-reducing admixtures are implemented to control and
reduce the amount of water in a concrete mixture. They typically reduce water content 5% to
10% by sacrificing the reduction of slump. However, strength is increased anywhere from 10%
to 25% because of the reduction in the w/cm ratio, and concrete with water-reducing admixtures
tend to have good air retention.
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3. Retarding and Accelerating Admixtures: Retarding admixtures delay the setting time of
concrete; therefore decreasing the rate of slump loss and extending the workability of the
concrete. The bleeding capacity and rate of concrete is also increased. Retarding admixtures
allow more time to place concrete on difficult jobs, allow for special finishing techniques, and
offset the adverse effects hot weather has on setting time.

Accelerating admixtures are used to accelerate the setting of concrete. The accelerating
admixtures speed up the hydration process, setting, and strength gains at early ages. Calcium
Chloride (CaCl,) is the most commonly used accelerating admixture. It should be added as part
of the mixing water.

F. Water

Any drinkable, potable water may be used as mixing water for concrete. ASTM C 1602 provides
specifications for using mixing water in concrete mixtures. Sources of water in a concrete mixture
come from batch water, ice (if used during high-temp weather), free moisture on aggregate, and water
in admixtures.

Any non-potable water may have adverse effects on the strength and set time of the concrete and
should be tested for strength, setting time, alkali levels, sulfate levels, chloride levels, total solids, and
corrosion of reinforcements

G. Air-entrainment

Air-entrained concrete is used to improve freeze-thaw resistance when exposed to water and deicing
chemicals. Air-entrained concrete is produced by using air-entrained cement or by adding an air-
entraining admixture. The lowa DOT and SUDAS Specifications require air content of the
unconsolidated concrete ahead of the paver to be 8% + 2%. The goal is to have a minimum of 5%
entrained air in the hardened concrete.

1. Benefits: The primary benefits of air-entrained concrete include the following.

a. Significant improvement of freeze-thaw and deicer-scaling resistance
1) Air bubbles are created during the entrainment process. The air bubbles allow the
pressure of freezing water to be released in air voids instead of in the concrete, which
would eventually destroy it. Figure 11-16 in Design and Control of Concrete Mixtures
demonstrates the improved durability of air-entrained concrete.
2) Air voids on the surface of the concrete relieve pressure buildups and reduce surface
scaling that have detrimental effects on the life of the concrete.

b. Higher resistance to sulfate and alkali-silica reactivity
c. Improved workability

d. Reduced segregation and bleeding in freshly mixed concrete
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2. Factors that Affect the Air Content:
Cement

Aggregates

Mixing water

Slump

Temperature

Supplementary cementitious materials
Admixtures

Mixing acting

Transportation and handling
Finishing techniques

H. Slump

The slump of concrete is an indicator of the workability and a measurement of concrete consistency.
Slump is not an indicator of the quality of the concrete. The slump of concrete is affected by changes
in aggregates, cements, admixtures, water, and air. Workability, along with air content, is one of the
primary concrete properties that can be manipulated during the process. Keep in mind that adding
water to the mix will increase the w/cm ratio and lower the strength of the concrete. The SUDAS
Specifications require that slump be no less than 1/2 inch or no more than 2 1/2 inches for machine
finish and no less than 1/2 inch and no more than 4 inches for hand finish. Figure 5E-1.02 is an
example of the strength values for mixes with differenct w/cm ratios; the higher the w/cm ratio, the
lower the strength.

Figure 5E-1.02: Effect of w/cm Ratio on Strength of Concrete
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I. Concrete Mixtures

1. Concrete Mix Design and Mix Proportioning: The terms mix design and mix proportioning
are often incorrectly used interchangeably.

a. Mix Design: Mix design is the process of determining required and specifiable properties of
a concrete mixture, i.e., concrete properties required for the intended use, geometry, and
exposure conditions. Workability, placement conditions, strength, durability, and cost should
be considered in concrete mix designs.

b. Mix Proportioning: Mix proportioning is the process of determining the quantities of
concrete ingredients for a given set of requirements. The objective of proportioning concrete
mixtures is to determine the most economical and practical combination of readily available
materials to produce a concrete that will have the required properties.

2. Concrete Mix Specifications: There are two types of concrete mix specifications, prescriptive
and performance mixes. With prescriptive mixes, the materials, proportions, and construction
methods are specified, and satisfactory performance is anticipated. If performance requirements
are utilized, functional requirements, such as strength, durability, and volume changes are
specified, and the contractor and concrete producer are expected to develop concrete mixtures
that meet those requirements.

a. SUDAS Concrete Mix Design Specifications: The SUDAS Specifications for PCC
pavement refer to the Towa DOT’s PCC pavement specifications and materials instructional
memorandums (I.M.s) for concrete mix designs, proportions, and materials. lowa DOT
mixes are prescriptive and include specifications for concrete mix materials, proportions, and
construction methods. There are no concrete performance requirements, and satisfactory
performance is expected if all specifications are followed.

b. SUDAS Concrete Mix Material Specifications: SUDAS references the lowa DOT
Specifications for concrete mix material, including the following.

Material _ I_owa_l DOT _ Iowa_l DOT
Specifications Section Materials 1.M.

Cement 4101 401
SCMs

Fly Ash 4108 491.17

GGBF Slag 4108 491.14
Fine Aggregate 4110 409 (Source)
Coarse Aggregate (3 gradations) 4115 409 (Source)
Water 4102
Admixtures

Air entrainment 4103 403

Retarding and water reducing 4103 403

Accelerating (calcium chloride) 2529.02 403
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C.

SUDAS Concrete Mix Proportioning Specifications: The concrete mixes currently used in
lowa were developed in the 1950s. Classes A, B, and C were specified for concrete paving.
As originally developed, Classes A and B, with minimum design compressive strengths of
3,500 psi and 3,000 psi respectively, were utilized for rural county paving. Class C concrete,
with a higher compressive strength of a minimum of 4,000 psi and a w/cm ratio of less than
0.45, was the standard for primary roads. With its history of proven performance, Class C
concrete is now the standard for all concrete road paving in lowa. In areas where early
opening strength is desired, such as intersections and driveways, an M mix can be substituted
for C mix. M mix has a higher cement content, which accelerates the heat of hydration and
set time of the concrete.

Unless the designer otherwise specifies, the contractor can choose any of the lowa DOT Class
C mixes and the materials that are allowed within the specifications. Generally, economy,
workability, and availability of materials are key factors in the decision making process of the
contractor and the concrete supplier.

lowa DOT Materials .M. 529 establishes the mix proportions for the various concrete mixes
used by the lowa DOT and SUDAS. Each mixture has specific requirements for the coarse
and fine aggregates as well as the type of cement, including SCMs. The mix proportions
include unit volumes for all materials.

If the concrete mix for a project is specifically needed to address joint durability,
consideration should be given to the C-SUD mixes that are included in Table 4 of .M. 529.
Two main differences highlight these mixes. The first is the water-cement ratio. Using a
lower water-cement ratio will create lower paste permeability and higher strength. The basic
wi/c ratio is 0.40 with the maximum set at 0.42. In addition to the w/c ratio, use of pozzolanic
materials (SCMs) for substitution of cement will improve freeze-thaw durability in the
presence of deicers. Consideration should be given to provide cement replacement rates of
20-25% Class F fly ash or 30-35% Class C fly ash or a combination of 20% slag and 20%
Class C fly ash.

1) Mix Designation:
Example: C-4WR-S35
e The first letter indicates the class of concrete
e The first number indicates the percentages of fine aggregate and coarse aggregate

o 2 iscomposed of 40% fine and 60% coarse

3 is composed of 45/55

4 is composed of 50/50

5 is composed of 55/45

6 is composed of 60/40

7 is composed of 65/35

8 is composed of 70/30
o 57 is composed of 50/50

e The WR indicates water reducer is used in the mixture

o SCMs are then indicated with their percentage of cementitious material substitution.
C and F fly ashes are indicated with a C and F, respectively. GGBF slag is indicated
with an S. The percentage of substitution is indicated after the SCM letter.

e The example designates a Class C concrete mix, a combined aggregate composed of
50% fine aggregate and 50% coarse aggregate, water reducer admixture, and 35%
GGBF slag cementitious material substitution.

O O O O O O
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2) Mix Proportions: lowa DOT Materials .M. 529 provides material proportioning for the
various lowa DOT concrete mixes and includes basic absolute volumes of cement, water,
air, and fine and coarse aggregate per unit volume of concrete (cy/cy). Target and
maximum w/cm ratios are provided for each of the mix classes. Also included is
guidance for calculation of fly ash and GGBF slag cementitious material substitution of
cement.

3) Admixtures: Sources of lowa DOT approved admixtures are provided in lowa DOT
Materials 1.M. 403, along with their maximum dosages. Generally, the maximum
dosages are as recommended by the manufacturers. Do not exceed the maximum
dosages according to the manufacturer’s recommendations.

3. Modification of the Standard Concrete Mix Specifications: While care should be exercised,
achieving the required properties in the concrete may require making adjustments to the materials
selected, to materials proportions, or even to other factors such as temperature, as follows.

a. Workability: Water content, proportion of aggregate and cement, aggregate properties,
cement characteristics, admixtures, and time and temperature can be adjusted to achieve the
desired workability. The slump test (ASTM C 143/ AASHTO T 119) is most often used to
measure the workability of fresh concrete.

b. Stiffening and Setting: The rates of stiffening and setting of a concrete mixture are
important because they affect its ability to be placed, finished, and sawed. Stiffening and
setting can be affected by the following in the concrete mixture: cementitious materials,
chemical admixtures, aggregate moisture, temperature, and water-cementitious materials
(w/cm) ratios.

c. Bleeding: Techniques can be used to prevent and minimize bleeding. These techniques
(Kosmatka 1994) include reducing the water content, w/cm, and slump; increasing the
amount of cement or supplementary cementitious materials in the mix; increasing the
fineness of the cementitious materials; using properly graded aggregate; and using certain
chemical admixtures such as air-entraining agents may reduce bleeding.

d. Air-void System: The air-void system is important to concrete durability in environments
subject to freezing and thawing. It includes total air content, spacing factors, and specific
surface. The air-void system can be controlled with cement, supplementary cementitious
materials, aggregates, and workability. The air-void system in the field will be affected by
changes in the grading of the aggregate, water, admixture dosage, delays, and temperature.

e. Density: Conventional concrete used in pavements has a density in the range of 137 to 150
Ib/yd3. Density varies depending on the amount and density of the aggregates, the amount of
entrained air, the amount of water, and the cement content. Density is affected by the
following factors: density of the material in the mixture, mostly from coarse aggregates;
moisture content of the mixture; and relative proportions of the materials, mainly water.

f. Strength: Strength and rate of strength gain are influenced by water-cementitious materials
ratio, cement chemistry, SCMs, chemical admixtures, aggregates, and temperature. Changes
in the environmental conditions and variation in materials, consolidation, and curing affect
the strength at a specified age and affect strength development with age. Increased
temperatures will increase early strength but may decrease long-term strength gain.

g. Volume Stability: Concrete experiences volume changes as a result of temperature and
moisture variations. To minimize the risk of cracking, it is important to minimize the
tendency to change in volume by considering paste content, aggregates, and curing.
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h. Permeability and Frost Resistance: Permeability is a direct measure of the potential
durability of a concrete mixture. Lower permeability is achieved by the following factors.
e Increasing the cementitious materials content
¢ Reducing the water-cementitious materials ratio
e Using supplementary cementitious material at dosages appropriate to the expected
likelihood of freezing water

e Using good curing practices
Using materials resistant to the expected form of chemical attack

e Using aggregates that have proven to resist D-cracking. Reducing maximum coarse
aggregate size will reduce the risk of damage if aggregates prone to damage are
unavoidable.

e Ensuring that a satisfactory air-void system is provided
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SUDAS 5F - Pavement Thickness Design

Pavement Thickness Design

A. General

The AASHO road test (completed in the 1950s) and subsequent AASHTO Guide for the Design of
Pavement Structures (AASHTO Design Guide) provide the basis for current pavement design
practices. To design a pavement by the AASHTO method, a number of design parameters must be
determined or assumed. This section will explain the parameters required to design the pavement
thickness of both concrete and hot mix asphalt roadways. The same parameters can be used for input
data in computer programs on pavement determinations. The program used should be based on
AASHTO design methods.

Even though the AASHTO Design Guide is several years old, it is still used throughout the industry
for pavement thickness design. A newer design program called the Mechanistic-Empirical Pavement
Design Guide (MEPDG) is available, however, it is costly and requires a great deal of data to be
effective. The MEPDG does not generate a pavement thickness, it is set up to analyze the failure
potential for a given thickness design. It is not generally used by local agencies. Each of the paving
associations provides software programs for calculating pavement thickness. The programs can be
accessed through the respective websites of the paving associations. Users should be aware of the
required inputs for the software programs, as well as the specific system defaults that cannot be
changed or do not fit the project design criteria. If the program defaults do not match the project
circumstances, the software program should not be used.

Historically municipalities have resorted to a one-size-fits-all approach by constructing standard
pavement thicknesses for certain types of roadways without regard to traffic volumes or subgrade
treatments. In an effort to show the effect of varying traffic loads and subgrade treatments on
pavement thickness, this section provides comparison tables showing the various rigid and flexible
pavement thicknesses calculated according to the AASHTO pavement design methodology. The
ESAL and pavement thickness values shown in the tables are dependent upon the design parameters
used in the calculations. The assumed parameters are described in the corresponding tables. The
pavement designer should have a thorough understanding of the parameters and their reflection of
actual site conditions prior to using them to select a pavement thickness. Projects that have traffic or
site conditions that differ significantly from the values assumed herein should be evaluated with a site
specific pavement design.

Engineers need to examine their agency’s standard pavement foundation support system based on
good engineering practices and the level of service they desire for the life of both HMA and PCC
pavements. It is important to understand the characteristics of the soil and what cost-effective soil
manipulation can be achieved, whether an aggregate subbase is used or not. If different soil types are
encountered, and an aggregate subbase is not used, properly blending and compacting the soil will
help reduce differential movement and help prevent cracking. Good designs, followed by good
construction practices with a proper inspection/observation program, are critical to realize the full
performance potential of either pavement type.
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Designs that improve the foundation will extend the pavement life, improve the level of service
throughout the life of the pavement, and provide more economical rehabilitation strategies at the end
of the pavement’s life for both HMA and PCC pavements. Although the initial cost to construct the
pavement will undoubtedly be higher than placing the pavement on natural subgrade, the overall life
cycle costs will be greatly improved.

Definitions of the pavement thickness design parameters are contained in Section 5F-1, B. Section
5F-1, C defines the process for calculating ESAL values. Section 5F-1, D provides the comparison
tables discussed in the previous paragraph. Finally, example calculations are shown in Section 5F-1,
E.

The pavement designer should be aware of the parameters that are required for the project under
design. If those project design parameters differ from the parameters used to calculate the typical
pavement thicknesses provide in this section, then a specific design set to meet the specific project
parameters should be undertaken.

B. Pavement Thickness Design Parameters
Some of the pavement thickness design parameters required for the design of a rigid pavement differ
from those for a flexible pavement. Table 5F-1.01 summarizes the parameters required for the design
of each pavement structure.

Table 5F-1.01: Summary of Design Parameters for Pavement Thickness

. - Flexible Rigid
Section Description HMA JPCP/IRCP
5F-1,B,1 | Performance Criteria
a. Initial Serviceability Index X X
b. Terminal Serviceability Index X X
5F-1,B,2 | Design Variables
a. Analysis Period X X
b. Design Traffic X X
c. Reliability X X
d. Overall Standard Deviation X X
5F-1, B, 3 | Material Properties for Structural Design
a. Soil Resilient Modulus X
b. Modulus of Subgrade Reaction X
c. Concrete Properties X
d. Layer Coefficients X
5F-1,B,4 | Pavement Structural Characteristics
a. Coefficient of Drainage X X
b. Load Transfer Coefficients for Jointed X
c. Loss of Support X

The following considerations should be used when designing pavement thickness for flexible and
rigid pavements.
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1. Performance Criteria (Serviceability Indexes): Condition of pavements are rated with a
present serviceability index (PSI) ranging from 5 (perfect condition) to O (impossible to travel).

a. Initial Serviceability Index (Po): The initial serviceability index (P,) is the PSI immediately
after the pavement is open. At the AASHO road test, values of 4.5 for rigid pavement and
4.2 for flexible pavement were assumed. These values are listed in the 1993 AASHTO
Design Guide.

b. Terminal Serviceability Index (Pt): The terminal serviceability index (Py) is considered to
be the PSI that represents the lowest acceptable level before resurfacing or reconstruction
becomes necessary.

The following values are recommended for terminal serviceability index.

Table 5F-1.02: Terminal Serviceability Indexes (P:) for Street Classifications

Pt Classifications
2.00 Secondary Roads and Local Residential Streets
2.25 Minor Collectors, Industrial, and Commercial Streets
2.50 Major Collectors and Arterials

c. Serviceability Loss: The predicted loss or drop in serviceability (APSI) is the difference
between initial and terminal serviceability (Po- P). The APSI is the basis for the pavement
design.

2. Design Variables:

a. Analysis Period: This refers to the period of time for which the analysis is to be conducted.
The recommended analysis period is 50 years for both concrete and asphalt pavements.

b. Design Traffic: An estimate of the number of Equivalent 18,000 pound Single Axle Loads
(ESALS) during the analysis period is required. This value can be estimated based on:
e the Average Annual Daily Traffic (AADT) in the base year,
e the average percentage of trucks expected to use the facility,
o the average annual traffic growth rate, and
e the analysis period.

It should be noted that it is not the wheel load but rather the damage to the pavement caused
by the wheel load that is of particular concern. As described above, the ESAL is the standard
unit of pavement damage and represents the damage caused by a single 18,000 pound axle
load. Therefore, a two-axle vehicle with both axles loaded at 18,000 pounds would produce
two ESALs. However, since vehicle configurations and axle loads vary, AASHTO has
established a method to convert different axle loads and configurations to ESALs. For
example, a 34,000 pound tandem axle produces approximately 1.9 ESALS for rigid pavement
(1.1 for flexible pavement). Summing the different ESAL values for each axle combination
on a vehicle provides a vehicle’s Load Equivalency Factor (LEF). The LEF can then be
applied to the assumed truck mix and the AADT to determine ESALSs.

Section 5F-1, C details the steps involved in ESAL calculations and provides examples for
both rigid and flexible pavements. ESAL tables for rigid and flexible pavements, and the
corresponding assumptions used to create them, are provided for both two lane and four lane
facilities.
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The need for separate ESAL tables for flexible and rigid pavements is based on the inherent
ability of each type of pavement to distribute a point loading. Rigid pavements have the
ability to distribute the load across the slab. A point loading on a flexible pavement is more
localized. This results in different ESAL factors for the two types of pavements. This is
shown graphically in Figure 5F-1.01.

Figure 5F-1.01: Flexible vs. Rigid Point Loading Distribution

Flexible Pavement Point Loading Rigid Pavement Point Loading

+f|"“‘5/° JE

2 to 3 times thickness of pavement

c. Reliability [R (%)]: Reliability is the probability that the design will succeed for the life of
the pavement. Because higher roadway classification facilities are considered more critical to
the transportation network, a higher reliability is used for these facilities. The following
reliability values were assumed for the calculations.

Table 5F-1.03: Reliability for Flexible and Rigid Pavement Design

Street Classification Reliability
Local Streets 80%
Collector Streets 88%
Arterial Streets 95%

d. Overall Standard Deviation (So): The Overall Standard Deviation is a coefficient that
describes how well the AASHO Road Test data fits the AASHTO Design Equations. The
lower the overall deviation, the better the equations models the data. The following ranges
are recommended by the AASHTO Design Guide.

Table 5F-1.04: Overall Standard Deviation (S,) for Rigid and Flexible Pavements

Range of Values
Pavement Type Low High Value Used
Rigid Pavements 0.30 0.40 0.35
Flexible Pavements 0.40 0.50 0.45
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3. Material Properties for Structural Design:

a. Soil Resilient Modulus (Mg): The important variable in describing the foundation for
pavement design is the Soil Resilient Modulus (Mg). Mg is a property of the soil that
indicates the stiffness or elasticity of the soil under dynamic loading.

The Soil Resilient Modulus measures the amount of recoverable deformation at any stress
level for a dynamically loaded test specimen. The environment can affect pavement
performance in several ways. Temperature and moisture changes can have an effect on the
strength, durability, and load-carrying capacity of the pavement and roadbed materials.
Another major environmental impact is the direct effect roadbed swelling, pavement
blowups, frost heave, disintegration, etc. can have on loss of riding quality and serviceability.
If any of these environmental effects have the potential to be present during the life cycle of
the pavement, the MR should be evaluated on a season by season basis, and a seasonal
modulus developed.

The purpose of using seasonal modulus is to qualify the relative damage a pavement is
subject to during each season of the year and treat it as part of the overall design. An
effective soil modulus is then established for the entire year, which is equivalent to the
combined effects of all monthly seasonal modulus values.

For the purposes of this section, the MR value was calculated based on the proposed CBR
values of 3 and 5. Previous editions of this section have included CBR values of 3, 5, and 10.
The normal soils in lowa have in situ CBR values of 1 to 3. In order to attain a soil strength
of CBR of 3, it is necessary to construct a subgrade of at least 12 inches of soil mechanically
compacted to a minimum of 95% Standard Proctor Density. The lowa DOT uses a MR value
of 3,000 to 3,500. That value is reasonably close to the value used in this section for a CBR
of 3 when adjusted for seasonal variations (2,720).

The design charts in this section include values for CBR of 5. It is possible to reach a CBR of
5 with lowa soils through diligent mechanical compaction of the top 12 inches of the
subgrade. Generally, soils that have 45% or less silt content and plasticity indexes greater
than 10 can be mechanically compacted and reach CBR of 5. Due to the fine grained nature
of some lowa soils, it may be necessary to stabilize these soils through the use of agents such
as lime, fly ash, cement, and asphalt in order to achieve a CBR of 5 or greater. Stabilization
requires the agent to be thoroughly distributed into the soil matrix and the soil matrix must be
well pulverized to prevent clumps from remaining isolated in the soil mass. The application
of the stabilizing agent will usually increase the strength properties of the soil.

It is critical that the appropriate level of construction quality control be completed that will
verify the increase in soil strength matches the value used in the thickness design.

In order to successfully develop a foundation CBR of 10, it is also going to involve use of a
subgrade that is stabilized with cement, fly ash, or other product. If the designer determines
that a foundation will be constructed to reach a CBR of 10, then a specific pavement design
should be undertaken rather than using the standard designs presented in this section.
AASHTO recommends that the following correlation be used to relate the resilient modulus
to the CBR. Using this equation, the corresponding MR values for CBR values of 3 and 5 are
shown. For further information regarding the relationship between soil types and bearing
values, see Sections 6E-1 and 6H-1. Once a CBR is selected for design, it is absolutely
critical to ensure the value is reached in the field.
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Without the formalized construction process of enhancing the subgrade through stabilization,
it is critical to not use subgrade support values higher than a CBR of 3 or 5 for thickness
design.

Mg = 1,500 X CBR

CBR Value Mg Value
3 4500
5 7500

For flexible pavement design, 1993 AASHTO Guide, Part 11, Tables 4.1 and 4.2 with
AASHTO Wet-Freeze Zone 11 criteria were used to estimate the effective Mr value taking
into account seasonal variability. Frozen conditions were assumed for one-half the month of
December and the months of January and February. Due to spring wetness and thawing
conditions, the Mg value for the month of March and one-half of April were assumed to be
30% of normal conditions. Half of April, and all of May, October, November, and one-half
of December were assumed to be wet with the support value set at 67% of normal. The
remaining months of June, July, August, and September were dry months.

For rigid pavement design, the Mg value is used to calculate the modulus of subgrade
reaction, k.

b. Modulus of Subgrade Reaction (k, k¢): Several variables are important in describing the
foundation upon which the pavement rests:
e k- The modulus of subgrade reaction for the soil,
e k.- A composite k that includes consideration of subbase materials under the new
pavement
e Mg - Soil resilient modulus

1) Modulus of Subgrade Reaction, k: For concrete pavements, the primary requirement of
the subgrade is that it be uniform. This is the fundamental reason for specifications on
subgrade compaction. In concrete pavement design, the strength of the soil is
characterized by the modulus of subgrade reaction or, as it is more commonly referred to,
K"
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Source: Adapted from Phase I: Validation of Guidelines for k-Value Selection and Concrete Pavement Performance Prediction,
Publication No. FHWA-RD-96-198

2) Composite Modulus of Subgrade Reaction, kc: In many highway applications the

pavement is not placed directly on the subgrade. Instead, some type of subbase material
is used. When this is done, the k value actually used for design is a "composite k™ (ke),
which represents the strength of the subgrade corrected for the additional support
provided by the subbase.
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The analysis of field data completed as a part of the lowa Highway Research Board
(IHRB) Project TR-640 showed that the modulus of subgrade reaction and the drainage
coefficient for 16 PCC sites, which ranged in ages between 1 and 42 years, were variable
and found to be lower in-situ than typical parameters used in thickness design. This
indicates a loss of support over time. This change in support is already partially reflected
in the AASHTO serviceability index to a degree.

Similar to the procedures used to estimate the effective Mg value for flexible pavement
design, the AASHTO Design Guide provides procedures for estimating the k. value taking
into account potential seasonal variability. The same seasonal variability assumptions used
for flexible pavements were used to calculate k. values for rigid pavements.

c. Concrete Properties: PCC - Modulus of Elasticity (Ec) and Modulus of Rupture (S').

The Modulus of Rupture (S’c) used in the AASHTO Design Guide equations is represented
by the average flexural strength of the pavement determined at 28 days using third-point
loading (ASTM C 78).

The Modulus of Elasticity for concrete (Ec) depends largely on the strength of the concrete.
Typical values are from 2 to 6 million psi. The following equation provides an approximate
value for Ec:

E. = 6,750 (S%)
where:

S'c = modulus of rupture [28 day flexural strength of the concrete using third point loading

(psi)]
The approximate relation between modulus of rupture (S'c) and compressive strength (fc) is
S'c = 2.3 £.2%67(psi)

d. Layer Coefficients: Structural layer coefficients (a; values) are required for flexible
pavement structural design. A value for these coefficients is assigned to each layer material
in the pavement structure in order to convert actual layer thickness into the structural number
(SN). These historical values have been used in the structural calculations. If specific
elements, such as a Superpave mix or polymer modified mix are used, the designer should
adjust these values to reflect differing quality of materials.
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The following table shows typical values for layer coefficients.

Table 5F-1.05: Layer Coefficients

Minimum
Component Coefficient Thickness
Allowed
Surface / Intermediate Course
HMA with Type A Aggregate 0.44* 1.5
Base Course
HMA with Type A Aggregate 0.44 2
Cement Treated Granular (Aggregate) Base 0.20* 6
Soil-Cement Base 0.15 6
Crushed (Graded) Stone Base 0.14* 6
Macadam Stone Base 0.12 6
PCC Base (New) 0.50
Old PCC 0.40**
Crack and Seated PCC 0.25 t0 0.30
Rubblized PCC 0.24
Cold-in-Place Recycled Asphalt Pavement 0.22 10 0.27
Full Depth Reclamation 0.18
Subbase Course
Soil-Cement Subbase (10% cement) 0.10 6
Soil-Lime Subbase (10% lime) 0.10 6
Modified Subbase 0.14 4
Soil-Aggregate Subbase 0.05* 4

* Indicates coefficients taken from AASHTO Interim Guide for the Design of Flexible Pavement Structures.
** This value is for reasonably sound existing concrete. Actual value used may be lower, depending on the amount of
deterioration that has occurred.

Source: AASHTO, Kansas State University, and lowa DOT
4. Pavement Structural Characteristics:

a. Coefficient of Drainage: Water under the pavement is one of the primary causes of
pavement failure. Water, either from precipitation or groundwater, can cause the subgrade to
become saturated and weaken. This can contribute to pavement pumping under heavy loads.

Cq - The coefficient of drainage for rigid pavement design used to account for the quality of
drainage.

M; - The coefficient of drainage for flexible pavement design used to modify layer
coefficients.

At the AASHO road test, the pavements were not well drained as evidenced by the heavy
pumping that occurred on some of the test sections. The cross-sections were elevated and
drainage ditches were provided. However, edge drains, which are used frequently in today's
street and highway construction, were not evaluated at the AASHO road test. Edge drains are
an effective deterrent to pumping and associated pavement distress.
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In selecting the proper Cq or M; value, consideration must be given to two factors: 1) how
effective is the drainage, and 2) how much of the time is the subgrade and subbase in a
saturated condition? For example, pavements in dry areas with poor drainage may perform as
well as pavements built in wet areas with excellent drainage.

The following definitions are offered as a guide.

e Excellent Drainage: Material drained to 50% of saturation in 2 hours.
Good Drainage: Material drained to 50% of saturation in 1 day.

Fair Drainage: Material drained to 50% of saturation in 7 days.

Poor Drainage: Material drained to 50% of saturation in 1 month.
Very Poor Drainage: Material does not drain.

Based on these definitions, the Cq4 or M; value for the road test conditions would be 1.00. A
value of 1.00 would have no impact on pavement thickness or the number of ESALS a section
would carry. Lower values increase the recommended pavement thickness; higher values
decrease the recommended pavement thickness. Based on Tables 2.4 and 2.5 from the 1993
AASHTO Design Guide, the analysis assumed a fair quality of drainage and 1% to 5%
exposure to saturation for the drainable base sections.

b. Load Transfer Coefficients for Jointed and Jointed Reinforced Pavements: One item
that distinguishes PCC pavement is the type of joint used to control cracking and whether or
not steel dowels are used in the joint for load transfer. Each of these designs provides a
different level of transfer of load from one side of a pavement joint to the other. To adjust
projected pavement performance for these various designs, the load transfer coefficient or "J"
factor is used.

c. Loss of Support: The 1993 AASHTO Design Guide indicates that the loss of support factor
is included in the design of concrete pavements to account for the potential impact arising
from the erosion of the subgrade material and/or differential soil movements. Values of the
factor range from O to 3. Application of these factors impacts the k value used in thickness
design. According to the 1993 AASHTO Design Guide, Part Il, Figure 3.6, with a value of 0,
the k value does not change. With a value of 3, corresponding to fine grained subgrade soils,
a k value of 100 becomes an effective k value of 8. From a practical standpoint, a k value
less than 50 represents conditions where a person’s weight would produce noticeable
deformations in the subgrade. Thus a subgrade with this level of support would never pass a
proof roll test.

The use of loss of support values has a very significant impact on the thickness design for
concrete pavements. In almost all cases at the AASHO road test where the concrete
pavements fell below the minimum serviceability level, the cause of the failure was due to
loss of support. Because the design equations were derived from this data, the reduction in
serviceability is already accounted for in the design procedure. The 1993 AASHTO Design
Guide, Part 11, Section 2.4.3 states that experience should be the key element in the selection
and use of an appropriate loss of support value.

The use of a loss of support value of 1 reduces a subgrade k value of 100 (equivalent to a
CBR of 3) to an effective k value of 40 to be used in the thickness design. Since this creates
a subgrade quality lower than experienced engineers would allow pavement to be placed, the
design tables were developed using a loss of support value of 0. Research conducted by the
Federal Highway Administration (FHWA-RD-96-198) supports using zero for the loss of
support value.
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Pavement design parameters within the PCC thickness design software programs often do not
adequately reflect actual pavement foundation conditions except immediately after initial
construction. Field data from testing completed at 16 lowa sites showed lower coefficient of
drainage values than those assumed in design, indicating that a potential migration of natural
soils into the aggregate subbase over time may cause some loss of support. This in turn
lowers the overall modulus of subgrade reaction. The results of the field testing indicating
this loss of support due to mixing of the subgrade and subbase will need to be further
validated by additional research. In order to maintain a high drainage coefficient, it is
important to maintain separation between the soil subgrade and the aggregate subbase. One
method of providing the separation is with a geotextile layer.

In most cases for local, low volume PCC roads, aggregate subbases do not influence
thickness design to any measurable degree. According to MEPDG analysis for low volume
PCC roadways (less than 1,000 ADT and 10% trucks), aggregate subbase thicknesses greater
than 5 inches do not appear to improve the International Roughness Index (IRI1) or reduce
slab cracking.

Based on the IHRB TR-640 research with a limited data set of 16 lowa sites, it was noted that
a PCC pavement with an optimized foundation of granular subbase, subdrains, and a
geotextile separation layer between the subgrade and subbase is likely to maintain a higher
pavement condition index (PCI) over time than a PCC pavement on natural subgrade. The
lower the variability and the higher the coefficient of drainage with an optimized foundation,
the higher the pavement condition will be for a given period of time. Since the PCI
prediction model from the IHRB research was developed based on a limited data set, it must
be further validated with a larger pool of data. However, designers should consider the
benefits of optimizing the foundations under their pavements to improve long-term
serviceability.

C. Calculating ESAL Values

To estimate the design ESALSs, the following procedure may be used. A more thorough analysis may
also be performed using the procedures found in Appendix D of the 1993 AASHTO Design Guide or
computer programs based on that procedure.

1.

2.

Obtain an estimate of the design AADT for the beginning, or base year of the analysis period.

Obtain an estimate of the average percentage of the AADT that will be trucks.

Three independent truck mix types are provided. The designer should match the truck mix type
with the general characteristics of their project area’s actual truck mix. The three types are:

Type A: The truck mix within this type is typical for local city streets in residential or other
land uses that do not include large trucks.

Type B: This type would typically represent the truck mix on higher volume streets. The
truck type is predominantly Class 5 with lesser volumes of Class 8 and Class 9 trucks.

Type C: The truck mix in this type would generally involve higher volumes with the truck
types being larger with a higher percentage of Class 8 and Class 9 trucks.

Select the base year design lane ESALSs from Tables 5F-1.07 through 5F-1.10, depending upon
whether the facility is two lane, four lane, rigid, or flexible. The designer may want to interpolate
between the table values and the actual values of base year AADT and percent trucks, although
the final pavement thickness is not often impacted by such calculations.
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5. Select the growth factor from Table 5F-1.11 based on the average annual traffic growth rate and
the analysis period.

6. Multiply the base year design lane ESALS, by the growth factor to obtain the total ESALS for the
analysis period.

Table 5F-1.06 summarizes the inputs and calculations that went into creating Tables 5F-1.07 through
5F-1.10.

Table 5F-1.06: Truck Mixture for Urban Roadways and Determination of Truck ESAL Factor

Type A Truck Mix: Primarily buses and single axle trucks often found on low volume streets

Truck Cl b  of b  of Vehicle  Axle Type  Axle ESAL Factor LEF
(VehicrILeJcDesc?is;tion) Toglceanugks Loading Trzrcclfrgtlgss Weight S-Single Load _(per axle)_ _(b_y Vehicle)_
(bs) TA-Tandem (lbs) Rigid Flexible Rigid  Flexible
| s bartial Load Front-S 9000 0.053 0.066
(2-axle busses, BUS) 10% (80% capacity) o ZEITY
Rear-S 16000 0.607 0.631  0.660  0.697
| Class 5 partial Load Front-S 6500 0.014 0.018
(2-axle, 6-tire trucks & 75% (50% capacity) 100% 20000
busses, SU-2) Rear-S 13500 0.294 0.326  0.308  0.344
Front-S 7000 0.019 0.024
n G 55 ey S0% 22000 I 12888 g.oeg gggg 0041 0034
-axle trucks, SU- Front- 1, 17 .
FulylLoaded — 50% 46000 oo 7A 34000 1.900 1099 1039  0.653
Front-S 9000 0.053 0.066
Empty 20% 24000 Rear-TA 9000 0.009 0.006
Trailer-S 6000 0.010 0.013  0.014  0.017
“ Class 8 bartil Load Front-S 9500 0.067 0.082
(4-§xle (or less) single 5% (50% capacity) 40% 44000 Rear-TA 22000 0.310 0.202
trailer truck, Comb-4) Trailer-S 12500 0.212 0.242  0.236  0.210
Front-S 10000 0.083 0.101
Fully Loaded 40% 64000 Rear-TA 34000 1.900 1.099
Trailer-S 20000 1558 1520 1.416  1.088
Front-S 11000 0.124 0.147
Empty 20% 36000 Rear-TA 14000 0.048  0.033
Trailer-TA 11000 0.019 0.013  0.038  0.039
‘ Class 9 _ bartial Load Front-S 11500 0.149 0.175
(5-axle single trailer 5% (50% capacity) 40% 58000 Rear-TA 24000 0.447 0.284
truck, Comb-5) Trailer-TA 22500 0.341 0.220 0.375  0.272
Front-S 12000 0.178  0.206
Fully Loaded 40% 80000 Rear-TA 34000 1.900 1.099
Trailer-TA 34000 1.900 1.099 1592  0.962

Composite LEF for Type A Truck Mix = 0.535 0.492
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Table 5F-1.06 (Continued): Truck Mixture for Urban Roadways and Determination of Truck ESAL Factor

Type B Truck Mix: Predominantly single axle with some multi-axle trucks

Vehicle Axle Type  Axle ESAL Factor LEF
Truck Class Percent of . Percent of . . .
(Vehicle Description) Total Trucks Loading Truck Class Weight S-Single Load '(Per axle). _(py Vehlde).

(bs) TA-Tandem (lbs) Rigid Flexible Rigid Flexible

| s bartil Load Front-S 9000 0.053 0.066
(2-axle busses, BUS) 5% (80% capacity) ot 2500

Rear-S 16000 0.607 0.631  0.660  0.697

| Class 5 partial Load Front-S 6500 0.014 0.018
(2-axle, 6-tire trucks & 55% (50% capacity) 100% 20000

busses, SU-2) Rear-S 13500 0.294 0.326  0.308  0.344
Front-S 7000 0.019 0.024

n (Cslasslst s 0% =02y S0% 22000 gt 15000 0.064 0044 0041  0.034
-axle trucks, SU- Front-S 12000 0.178 0.206

Fulyloaced 0% 46000 oo T 34000 1900 1.099  1.039  0.653
Front-S 9000 0.053 0.066
Empty 20% 24000 Rear-TA 9000 0.009 0.006

Trailer-S 6000 0.010 0.013  0.014  0.017
| Class 8 partial Load Front-S 9500 0.067 0.082
(4-§xle (or less) single 5% (50% capacity) 40% 44000 Rear-TA 22000 0.310 0.202

trailer truck, Comb-4) Trailer-S 12500 0.212 0.242 0236  0.210
Front-S 10000 0.083 0.101
Fully Loaded 40% 64000 Rear-TA 34000 1.900 1.099

Trailer-S 20000 1558 1.520 1.416  1.088
Front-S 11000 0.124 0.147
Empty 20% 36000 Rear-TA 14000 0.048 0.033

Trailer-TA 11000 0.019 0.013  0.038  0.039
‘ Class 9 partial Load Front-S 11500 0.149 0.175
(5-axle single trailer 25% (50% capacity) 40% 58000 Rear-TA 24000 0.447 0.284

truck, Comb-5) Trailer-TA 22500 0.341 0220 0375  0.272
Front-S 12000 0.178 0.206
Fully Loaded 40% 80000 Rear-TA 34000 1.900 1.099

Trailer-TA 34000 1.900 1.099 1592  0.962

Composite LEF for Type B Truck Mix = 0.895 0.677
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Table 5F-1.06 (Continued): Truck Mixture for Urban Roadways and Determination of Truck ESAL Factor

Type C Truck Mix: Mixed truck traffic with both single axle and multi-axle trucks

Vehicle Axle Type  Axle ESAL Factor LEF
e b o, Loy I et Sswok Lo prow Gy v
(bs) TA-Tandem (lbs) Rigid Flexible  Rigid Flexible
\ s 4 Front-S 9000 0.053 0.066
(2-axle busses, BUS) 5% Rubbeaced 100% 25000
Rear-S 16000 0.607 0.631  0.660  0.715
- Class 5 Front-S 6500 0.014 0.018
! (2-axle, 6-tire trucks & 30% Fully Loaded 100% 20000
busses, SU-2) Rear-S 13500 0.294 0.326  0.308  0.368
Front-S 7000 0.019 0.024
n E:slasslet o L% Emey S0% 22000 poTA 15000 0.064 0044 0.041  0.034
-axe trucks, SU- Front-S 12000 0.178  0.206
FulyLoaded  50% 46000 oo 1A 34000 1.900 1099 1039  0.653
Front-S 9000 0.053 0.066
Empty 20% 24000 Rear-TA 9000 0.009 0.006
Trailer-S 6000 0.010 0.013  0.014  0.017
; Class 8 partinl Load Front-S 9500 0.067 0.082
(4-axe (or less) single 10% (50% capeciy) 40% 44000 Rear-TA 22000 0.310 0.202
trailer truck, Comb-4) Trailer-S 12500 0.212 0.242 0236  0.210
Front-S 10000 0.083 0.101
Fully Loaded 40% 64000 Rear-TA 34000 1.900 1.099
Trailer-S 20000 1.558 1520 1.416  1.088
Front-S 11000 0.124 0.147
Empty 20% 36000 Rear-TA 14000 0.048 0.033
Trailer-TA 11000 0.019 0.013  0.038  0.039
‘ Class 9 partial Load Front-S 11500 0.149 0.175
(5-axle single trailer 45% (50% capeciy) 40% 58000 Rear-TA 24000 0.447 0.284
truck, Comb-5) Trailer-TA 22500 0.341 0220 0.375  0.272
Front-S 12000 0.178  0.206
Fully Loaded 40% 80000 Rear-TA 34000 1.900 1.099
Trailer-TA 34000 1.900 1.099 1592  0.962
Composite LEF for Type C Truck Mix = 1.302 0.919

The following assumptions were made in the calculation of the ESALs and LEFs shown in Table 5F-

1.06:

e The truck mix data was obtained from the lowa DOT 2014 traffic counts using FHWA vehicle
classes. Class 7, 10, 11, 12, and 13 were not included since they do not make up any significant
volumes on lowa urban roadways.

o ESAL factors for individual axles were calculated using manufacturer’s vehicle weights and
typical loadings.

e Concrete thickness of 8 inches, asphalt structural number of 3.25, terminal serviceability index of
2.25.

e ESAL tables were calculated with WinPas using the AASHTO equations and verified against the
AASHTO design tables.

For the base year ESAL tables, the directional split for two lane facilities was set at 50/50 and for
four-lane facilities, it was assumed that 60% of the trucks were in the design lane.
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Chapter 5 - Roadway Design

Section 5F-1 - Pavement Thickness Design

Table 5F-1.07: Base Year Design ESALSs for Two Lane Rigid Pavement

o Truck Mix Two-Way Base Year AADT
% Trucks

Type 1,000 2,000 3,000 4,000 5,000 10,000 15,000 20,000

A 1,000 2,000 3,000 4,000 5,000 10,000 14,500 19,500

1 B 1,500 3,500 5,000 6,500 8,000 16,500 24,500 32,500
C 2,500 5,000 7,000 9,500 12,000 24,000 35,500 47,500

A 2,000 4,000 6,000 8,000 10,000 19,500 29,500 39,000

2 B 3,500 6,500 10,000 13,000 16,500 32,500 49,000 65,500
C 5,000 9,500 14,500 19,000 24,000 47,500 71,500 95,000

A 3,000 6,000 9,000 11,500 14,500 29,500 44,000 58,500

3 B 5,000 10,000 14,500 19,500 24,500 49,000 73,500 98,000
C 7,000 14,500 21,500 28,500 35,500 71,500 107,000 142,500

A 4,000 8,000 11,500 15,500 19,500 39,000 58,500 78,000

4 B 6,500 13,000 19,500 26,000 32,500 65,500 98,000 130,500
C 9,500 19,000 28,500 38,000 47,500 95,000 142,500 190,000

A 5,000 10,000 14,500 19,500 24,500 49,000 73,000 97,500

5 B 8,000 16,500 24,500 32,500 41,000 81,500 122,500 163,500
C 12,000 24,000 35,500 47,500 59,500 119,000 178,000 237,500

A 6,000 11,500 17,500 23,500 29,500 58,500 88,000 117,000

6 B 10,000 19,500 29,500 39,000 49,000 98,000 147,000 196,000
C 14,500 28,500 43,000 57,000 71,500 142,500 214,000 285,000

A 7,000 13,500 20,500 27,500 34,000 68,500 102,500 136,500

7 B 11,500 23,000 34,500 45,500 57,000 114,500 171,500 228,500
C 16,500 33,500 50,000 66,500 83,000 166,500 249,500 332,500

A 8,000 15,500 23,500 31,000 39,000 78,000 117,000 156,000

8 B 13,000 26,000 39,000 52,500 65,500 130,500 196,000 261,500
C 19,000 38,000 57,000 76,000 95,000 190,000 285,000 380,000

A 9,000 17,500 26,500 35,000 44,000 88,000 132,000 175,500

9 B 14,500 29,500 44,000 59,000 73,500 147,000 220,500 294,000
C 21,500 43,000 64,000 85,500 107,000 214,000 321,000 427,500

A 10,000 19,500 29,500 39,000 49,000 97,500 146,500 195,000

10 B 16,500 32,500 49,000 65,500 81,500 163,500 245,000 326,500
C 24,000 47,500 71,500 95,000 119,000 237,500 356,500 475,000

A 11,500 23,500 35,000 47,000 58,500 117,000 175,500 234,000

12 B 19,500 39,000 59,000 78,500 98,000 196,000 294,000 392,000
C 28,500 57,000 85,500 114,000 142,500 285,000 427,500 570,500

A 13,500 27,500 41,000 54,500 68,500 136,500 205,000 273,500

14 B 23,000 45,500 68,500 91,500 114,500 228,500 343,000 457,500
C 33,500 66,500 100,000 133,000 166,500 332,500 499,000 665,500

A 15,500 31,000 47,000 62,500 78,000 156,000 234,000 312,500

16 B 26,000 52,500 78,500 104,500 130,500 261,500 392,000 522,500
C 38,000 76,000 114,000 152,000 190,000 380,000 570,500 760,500

A 17,500 35,000 52,500 70,500 88,000 175,500 263,500 351,500

18 B 29,500 59,000 88,000 117,500 147,000 294,000 441,000 588,000
C 43,000 85,500 128,500 171,000 214,000 427,500 641,500 855,500

A 19,500 39,000 58,500 78,000 97,500 195,000 293,000 390,500

20 B 32,500 65,500 98,000 130,500 163,500 326,500 490,000 653,500
C 47,500 95,000 142,500 190,000 237,500 475,000 713,000 950,500

Assumes two lane roadway with 50/50 directional split of base year AADT
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Chapter 5 - Roadway Design

Section 5F-1 - Pavement Thickness Design

Table 5F-1.08: Base Year Design ESALs for Two Lane Flexible Pavement

o Truck Mix Two-Way Base Year AADT
Y% Trucks

Type 1,000 2,000 3,000 4,000 5,000 10,000 15,000 20,000

A 1,000 2,000 2,500 3,500 4,500 9,000 13,500 18,000

1 B 1,000 2,500 3,500 5,000 6,000 12,500 18,500 24,500
C 1,500 3,500 5,000 6,500 8,500 17,000 25,000 33,500

A 2,000 3,500 5,500 7,000 9,000 18,000 27,000 36,000

2 B 2,500 5,000 7,500 10,000 12,500 24,500 37,000 49,500
C 3,500 6,500 10,000 13,500 17,000 33,500 50,500 67,000

A 2,500 5,500 8,000 11,000 13,500 27,000 40,500 54,000

3 B 3,500 7,500 11,000 15,000 18,500 37,000 55,500 74,000
C 5,000 10,000 15,000 20,000 25,000 50,500 75,500 100,500

A 3,500 7,000 11,000 14,500 18,000 36,000 54,000 72,000

4 B 5,000 10,000 15,000 20,000 24,500 49,500 74,000 99,000
C 6,500 13,500 20,000 27,000 33,500 67,000 100,500 134,000

A 4,500 9,000 13,500 18,000 22,500 45,000 67,500 89,500

5 B 6,000 12,500 18,500 24,500 31,000 61,500 92,500 123,500
C 8,500 17,000 25,000 33,500 42,000 84,000 126,000 167,500

A 5,500 11,000 16,000 21,500 27,000 54,000 80,500 107,500

6 B 7,500 15,000 22,000 29,500 37,000 74,000 111,000 148,000
C 10,000 20,000 30,000 40,000 50,500 100,500 151,000 201,000

A 6,500 12,500 19,000 25,000 31,500 63,000 94,000 125,500

7 B 8,500 17,500 26,000 34,500 43,000 86,500 129,500 173,000
C 11,500 23,500 35,000 47,000 58,500 117,500 176,000 234,500

A 7,000 14,500 21,500 28,500 36,000 72,000 107,500 143,500

8 B 10,000 20,000 29,500 39,500 49,500 99,000 148,000 197,500
C 13,500 27,000 40,000 53,500 67,000 134,000 201,000 268,500

A 8,000 16,000 24,000 32,500 40,500 80,500 121,000 161,500

9 B 11,000 22,000 33,500 44,500 55,500 111,000 166,500 222,000
C 15,000 30,000 45,500 60,500 75,500 151,000 226,500 302,000

A 9,000 18,000 27,000 36,000 45,000 89,500 134,500 179,500

10 B 12,500 24,500 37,000 49,500 61,500 123,500 185,000 247,000
C 17,000 33,500 50,500 67,000 84,000 167,500 251,500 335,500

A 11,000 21,500 32,500 43,000 54,000 107,500 161,500 2155500

12 B 15,000 29,500 44,500 59,500 74,000 148,000 222,000 296,500
C 20,000 40,000 60,500 80,500 100,500 201,000 302,000 402,500

A 12,500 25,000 37,500 50,000 63,000 125,500 188,500 251,000

14 B 17,500 34,500 52,000 69,000 86,500 173,000 259,500 345,500
C 23,500 47,000 70,500 94,000 117,500 234,500 352,000 469,500

A 14,500 28,500 43,000 57,500 72,000 143,500 215,500 287,000

16 B 20,000 39,500 59,500 79,000 99,000 197,500 296,500 395,000
C 27,000 53,500 80,500 107,500 134,000 268,500 402,500 536,500

A 16,000 32,500 48,500 64,500 80,500 161,500 242,000 323,000

18 B 22,000 44,500 66,500 89,000 111,000 222,000 333,500 444,500
C 30,000 60,500 90,500 120,500 151,000 302,000 452,500 603,500

A 18,000 36,000 54,000 72,000 89,500 179,500 269,000 359,000

20 B 24,500 49,500 74,000 99,000 123,500 247,000 370,500 494,000
C 33,500 67,000 100,500 134,000 167,500 335,500 503,000 670,500

Assumes two lane roadway with 50/50 directional split of base year AADT
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Chapter 5 - Roadway Design

Section 5F-1 - Pavement Thickness Design

Table 5F-1.09: Base Year Design ESALSs for Four Lane Rigid Pavement

o Truck Mix Two-Way Base Year AADT
% Trucks

Type 2,000 5,000 10,000 15,000 20,000 25,000 30,000 35,000

A 1,000 3,000 6,000 9,000 11,500 14,500 17,500 20,500

1 B 2,000 5,000 10,000 14,500 19,500 24,500 29,500 34,500
C 3,000 7,000 14,500 21,500 28,500 35,500 43,000 50,000

A 2,500 6,000 11,500 17,500 23,500 29,500 35,000 41,000

2 B 4,000 10,000 19,500 29,500 39,000 49,000 59,000 68,500
C 5,500 14,500 28,500 43,000 57,000 71,500 85,500 100,000

A 3,500 9,000 17,500 26,500 35,000 44,000 52,500 61,500

3 B 6,000 14,500 29,500 44,000 59,000 73,500 88,000 103,000
C 8,500 21,500 43,000 64,000 85,500 107,000 128,500 149,500

A 4,500 11,500 23,500 35,000 47,000 58,500 70,500 82,000

4 B 8,000 19,500 39,000 59,000 78,500 98,000 117,500 137,000
C 11,500 28,500 57,000 85,500 114,000 142,500 171,000 199,500

A 6,000 14,500 29,500 44,000 58,500 73,000 88,000 102,500

5 B 10,000 24,500 49,000 73,500 98,000 122,500 147,000 171,500
C 14,500 35,500 71,500 107,000 142,500 178,000 214,000 249,500

A 7,000 17,500 35,000 52,500 70,500 88,000 105,500 123,000

6 B 12,000 29,500 59,000 88,000 117,500 147,000 176,500 206,000
C 17,000 43,000 85,500 128,500 171,000 214,000 256,500 299,500

A 8,000 20,500 41,000 61,500 82,000 102,500 123,000 143,500

7 B 13,500 34,500 68,500 103,000 137,000 171,500 206,000 240,000
C 20,000 50,000 100,000 149,500 199,500 249,500 299,500 349,500

A 9,500 23,500 47,000 70,500 93,500 117,000 140,500 164,000

8 B 15,500 39,000 78,500 117,500 157,000 196,000 235,000 274,500
C 23,000 57,000 114,000 171,000 228,000 285,000 342,000 399,000

A 10,500 26,500 52,500 79,000 105,500 132,000 158,000 184,500

9 B 17,500 44,000 88,000 132,500 176,500 220,500 264,500 308,500
C 25,500 64,000 128,500 192,500 256,500 321,000 385,000 449,000

A 11,500 29,500 58,500 88,000 117,000 146,500 175,500 205,000

10 B 19,500 49,000 98,000 147,000 196,000 245,000 294,000 343,000
C 28,500 71,500 142,500 214,000 285,000 356,500 427,500 499,000

A 14,000 35,000 70,500 105,500 140,500 175,500 211,000 246,000

12 B 23,500 59,000 117,500 176,500 235,000 294,000 353,000 411,500
C 34,000 85,500 171,000 256,500 342,000 427,500 513,000 599,000

A 16,500 41,000 82,000 123,000 164,000 205,000 246,000 287,000

14 B 27,500 68,500 137,000 206,000 274,500 343,000 411,500 480,000
C 40,000 100,000 199,500 299,500 399,000 499,000 599,000 698,500

A 18,500 47,000 93,500 140,500 187,500 234,000 281,000 328,000

16 B 31,500 78,500 157,000 235,000 313,500 392,000 470,500 549,000
C 45,500 114,000 228,000 342,000 456,000 570,500 684,500 798,500

A 21,000 52,500 105,500 158,000 211,000 263,500 316,000 369,000

18 B 35,500 88,000 176,500 264,500 353,000 441,000 529,000 617,500
C 51,500 128,500 256,500 385,000 513,000 641,500 770,000 898,000

A 23,500 58,500 117,000 175,500 234,000 293,000 351,500 410,000

20 B 39,000 98,000 196,000 294,000 392,000 490,000 588,000 686,000
C 57,000 142,500 285,000 427,500 570,500 713,000 855,500 998,000

Assumes four lane roadway with 50/50 directional split of two-way base year AADT and 60% of trucks in the design lane.

17

Revised: 2019 Edition




Chapter 5 - Roadway Design

Section 5F-1 - Pavement Thickness Design

Table 5F-1.10: Base Year Design ESALs for Four Lane Flexible Pavement

o Truck Mix Two-Way Base Year AADT
Y% Trucks

Type 2,000 5,000 10,000 15,000 20,000 25,000 30,000 35,000

A 1,000 2,500 5,500 8,000 11,000 13,500 16,000 19,000

1 B 1,500 3,500 7,500 11,000 15,000 18,500 22,000 26,000
C 2,000 5,000 10,000 15,000 20,000 25,000 30,000 35,000

A 2,000 5,500 11,000 16,000 21,500 27,000 32,500 37,500

2 B 3,000 7,500 15,000 22,000 29,500 37,000 44,500 52,000
C 4,000 10,000 20,000 30,000 40,000 50,500 60,500 70,500

A 3,000 8,000 16,000 24,000 32,500 40,500 43,500 56,500

3 B 4,500 11,000 22,000 33,500 44,500 55,500 66,500 78,000
C 6,000 15,000 30,000 45,500 60,500 75,500 90,500 105,500

A 4,500 11,000 21,500 32,500 43,000 54,000 64,500 75,500

4 B 6,000 15,000 29,500 44,500 59,500 74,000 89,000 103,500
C 8,000 20,000 40,000 60,500 80,500 100,500 120,500 141,000

A 5,500 13,500 27,000 40,500 54,000 67,500 80,500 94,000

5 B 7,500 18,500 37,000 55,500 74,000 92,500 111,000 129,500
C 10,000 25,000 50,500 75,500 100,500 126,000 151,000 176,000

A 6,500 16,000 32,500 48,500 64,500 80,500 97,000 113,000

6 B 9,000 22,000 44,500 66,500 89,000 111,000 133,500 155,500
C 12,000 30,000 60,500 90,500 120,500 151,000 181,000 211,500

A 7,500 19,000 37,500 56,500 75,500 94,000 113,000 132,000

7 B 10,500 26,000 52,000 78,000 103,500 129,500 155,500 181,500
C 14,000 35,000 70,500 105,500 141,000 176,000 211,500 246,500

A 8,500 21,500 43,000 64,500 86,000 107,500 129,000 150,500

8 B 12,000 29,500 59,500 89,000 118,500 148,000 178,000 207,500
C 16,000 40,000 80,500 120,500 161,000 201,000 241,500 281,500

A 9,500 24,000 48,500 72,500 97,000 121,000 145,500 169,500

9 B 13,500 33,500 66,500 100,000 133,500 166,500 200,000 233,500
C 18,000 45,500 90,500 136,000 181,000 226,500 271,500 317,000

A 11,000 27,000 54,000 80,500 107,500 134,500 161,500 188,500

10 B 15,000 37,000 74,000 111,000 148,000 185,000 222,000 259,500
C 20,000 50,500 100,500 151,000 201,000 251,500 302,000 352,000

A 13,000 32,500 64,500 97,000 129,000 161,500 194,000 226,000

12 B 18,000 44,500 89,000 133,500 178,000 222,000 266,500 311,000
C 24,000 60,500 120,500 181,000 241,500 302,000 362,000 422,500

A 15,000 37,500 75,500 113,000 150,500 188,500 226,000 263,500

14 B 20,500 52,000 103,500 155,500 207,500 259,500 311,000 363,000
C 28,000 70,500 141,000 211,500 281,500 352,000 422,500 493,000

A 17,000 43,000 86,000 129,000 172,000 215,500 258,500 301,500

16 B 23,500 59,500 118,500 178,000 237,000 296,500 355,500 415,000
C 32,000 80,500 161,000 241,500 322,000 402,500 483,000 563,500

A 19,500 48,500 97,000 145,500 194,000 242,000 290,500 339,000

18 B 26,500 66,500 133,500 200,000 266,500 333,500 400,000 466,500
C 36,000 90,500 181,000 271,500 362,000 452,500 543,500 634,000

A 21,500 54,000 107,500 161,500 215,500 269,000 323,000 377,000

20 B 29,500 74,000 148,000 222,000 296,500 370,500 444,500 518,500
C 40,000 100,500 201,000 302,000 402,500 503,000 603,500 704,000

Assumes four lane roadway with 50/50 directional split of two-way base year AADT and 60% of trucks in the design lane.
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Chapter 5 - Roadway Design

Section 5F-1 - Pavement Thickness Design

Table 5F-1.11: Growth Factor

Design Awerage Annual Traffic Growth Rate, Percent

vy | oo | 1% | 20 | e | we |
1 1.0 1.0 1.0 1.0 1.0 1.0
2 2.0 2.0 2.0 20 2.0 2.1
3 3.0 3.0 31 31 31 32
4 4.0 4.1 4.1 4.2 4.2 4.3
5 5.0 51 5.2 53 54 55
6 6.0 6.2 6.3 6.5 6.6 6.8
7 7.0 7.2 74 7.7 7.9 8.1
8 8.0 8.3 8.6 8.9 9.2 9.5
9 9.0 94 9.8 10.2 10.6 11.0
10 10.0 10.5 10.9 11.5 12.0 12.6
11 11.0 11.6 12.2 12.8 135 14.2
12 12.0 12.7 13.4 14.2 15.0 15.9
13 13.0 13.8 14.7 15.6 16.6 17.7
14 14.0 14.9 16.0 17.1 18.3 19.6
15 15.0 16.1 17.3 18.6 20.0 216
16 16.0 17.3 18.6 20.2 21.8 237
17 17.0 18.4 20.0 21.8 23.7 25.8
18 18.0 19.6 214 234 25.6 28.1
19 19.0 20.8 228 25.1 21.7 305
20 20.0 22.0 243 26.9 29.8 331
21 21.0 23.2 258 28.7 320 35.7
22 22.0 245 27.3 30.5 342 385
23 23.0 25.7 28.8 325 36.6 414
24 24.0 27.0 304 344 39.1 445
25 25.0 28.2 320 36.5 41.6 477
26 26.0 29.5 33.7 38.6 443 51.1
27 27.0 30.8 353 40.7 47.1 54.7
28 28.0 321 371 429 50.0 58.4
29 29.0 335 38.8 452 53.0 62.3
30 30.0 34.8 40.6 47.6 56.1 66.4
31 31.0 36.1 424 50.0 59.3 70.8
32 32.0 375 44.2 52.5 62.7 753
33 33.0 38.9 46.1 55.1 66.2 80.1
34 34.0 40.3 43.0 57.7 69.9 85.1
35 35.0 417 50.0 60.5 73.7 90.3
36 36.0 43.1 52.0 63.3 77.6 95.8
37 37.0 445 54.0 66.2 817 101.6
38 38.0 46.0 56.1 69.2 86.0 107.7
39 39.0 474 58.2 72.2 90.4 114.1
40 40.0 4389 60.4 75.4 95.0 120.8
41 41.0 50.4 62.6 78.7 99.8 127.8
42 42.0 51.9 64.9 82.0 104.8 1352
43 43.0 53.4 67.2 85.5 110.0 143.0
44 44.0 54.9 69.5 89.0 115.4 151.1
45 45.0 56.5 71.9 92.7 121.0 159.7
46 46.0 58.0 74.3 96.5 126.9 168.7
47 47.0 59.6 76.8 100.4 132.9 178.1
43 48.0 61.2 794 104.4 139.3 188.0
49 49.0 62.8 81.9 108.5 145.8 1984
50 50.0 64.5 84.6 112.8 152.7 209.3

Growth Factor =

[a+n-1 for valuesofn>0
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Chapter 5 - Roadway Design Section 5F-1 - Pavement Thickness Design

D. Determining Pavement Thickness

Once the ESALSs have been determined, the pavement thickness may be determined by comparing the
calculated ESAL value to Tables 5F-1.13 through 5F-1.18. These tables provide recommended
pavement thicknesses for various subgrade conditions, roadway types, and pavement types. Use of
the roadway classification (local, collector, and arterial) is included in Tables 5F-1.13 to 5F-1.18 in
order to provide the values for terminal serviceability and reliability that are used in the pavement
thickness calculations. Due to established policies in many jurisdictions across the state, the
minimum pavement thickness for streets on natural subgrade was set at 7 inches for rigid pavement
and 8 inches for flexible pavement. For pavements with a granular subbase, the minimum thickness
was set at 6 inches for both pavement types. As noted in the thickness tables, whenever a thickness
was calculated that was less than the minimum, the minimum was used.

Tables 5F-1.13 through 5F-1.18 were developed according to the guidelines of the AASHTO Design
Guide. The AASHTO pavement design methodology is based upon the results of the AASHO Road
Test, which was a series of full scale experiments conducted in Illinois in the 1950s. The design
methodology that grew out of the Road Test considers numerous factors that affect the performance
of a pavement. Table 5F-1.12 describes the assumptions used in the development of the pavement
thickness tables. An explanation of each variable, as well as a recommended range, is provided in the
AASHTO Guide.

For projects with unique conditions such as unusual soils, high truck volumes, significant drainage
problems, or where specialized subgrade or subbase treatments are utilized, a special design may be
warranted. The values in the tables above have been selected to represent typical conditions. An
effort has been made not to be overly conservative in the establishment of the design parameters. For
this reason, the designer is cautioned against deviating from the values presented in the tables above
unless materials testing and/or project site conditions warrant such deviation.
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Section 5F-1 - Pavement Thickness Design

Table 5F-1.12: Parameter Assumptions Used for Pavement Thickness Design Tables

Subbase:| Natural 4" Subbase | 6" Subbase | 8" Subbase [10" Subbase | 12" Subbase
CBRValue:| 3 [ 5 3 | 5 3 | 5 3 | s 3 | 5 3 | 5
Rigid Pavement Parameters
Initial Serviceability Index, P, 45
Local Roads = 2.00
Terminal Serviceability Index, P Collector Roads = 2.25
Arterials = 2.50
Local Roads = 80%
Reliability, R Collector Roads = 88%
Arterials = 95%
Overall Standard Deviation, S, 0.35
Loss of Support, LS 0
Soil Resilient Modulus, Mg 4500 | 7,500 | 4500 | 7,500 | 4,500 | 7,500 | 4,500 | 7,500 | 45500 | 7,500 | 4,500 | 7,500
1500 x CBR
Subbase Resilient Modulus, E ¢5 N_Ot 30,000%
*Assumed Applicable
Modulus of Subgrade Reaction k, and
Composite Modulus of Subgrade Reaction,
Ke 105 | 148 | 228 | 342 | 239 | 359 | 254 | 380 | 269 | 404 | 285 | 428
Use AASHTO Chapter 3, Table 3.2 and
Figures 3.3 - 3.6 to determine
Coefficient of Drainage, C 4 1.00 1.10
Modulus of Rupture, S',
§.=23 Xfco.sm 580
*Assumed 4,000 psi concrete
Modulus of Elasticity, E,
E.=6,750x S 3,915,000
*Assumed 4,000 psi concrete
J = 3.1 (Pavement Thickness <8")
Load Transfer, J J = 2.7 (Pavement Thickness > 8")
Flexible Pavement Parameters
Initial Serviceability Index, P, 4.2
Local Roads = 2.00
Terminal Serviceability Index, P Collector Roads = 2.25
Avrterials = 2.50
Local Roads = 80%
Reliability, R Collector Roads = 88%
Arterials = 95%
Overall Standard Deviation, S , 0.45
Surface / Intermediate = 0.44
Layer Coefficients Base = 0.44
Granular Subbase = 0.14
Soil Resilient Modulus, M5 4500 | 7,500 | 4,500 | 7,500 | 4,500 | 7,500 | 4,500 | 7,500 | 4,500 | 7,500 | 4,500 | 7,500
1500 x CBR
Effective Soil Resilient Modulus, MR\ ;21 |y 650 | 2720 | 4520 | 2,720 | 4520 | 2.720 | 4520 | 2,720 | 4520 | 2720 | 4520
Use AASHTO Chapter 2, Figure 2.3 to determine
Coefficient of Drainage, C 4 1.00 1.15
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The following flowchart depicts a summary of the analysis process.

Do the assumptions shown in Table SF-1.12 correlate to your project?
(See Section 5F-1.B for parameter descriptions)

Calculate ESAL value.
(See Section 5F-1. C for directions calculating ESALSs)

T

Is the calculated ESAL wvalue substantial enough to consider
specific project pavement design?

Complete a project specific pavement thickness design using AASHTO
procedures or AASHTO based pavement design software.

: | 4

Compare calculated ESAL value to Tables 5SF-1.13 - SF-1.18 to determine pavement
thickness dependent on roadway type, design CBR value, and subgrade treatment.
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Table 5F-1.13: Recommended Thickness for Rigid Pavement - Local Roads

CBR 3] 5

ESAL/ 4" 6" 8" 10" 12" 4™ 6" 8" 10" 12"
Subbase| Natural | Granular | Granular | Granular | Granular [ Granular | Natural | Granular | Granular | Granular | Granular | Granular
300,000 7* 6* 6* 6* 6* 6* 7* 6* 6* 6* 6* 6*
500,000 * 6* 6* 6* 6* 6* ™ 6* 6* 6* 6* 6*
750,000 7* 6 6 6* 6* 6 7* 6* 6* 6* 6* 6*
1,000,000 7 6 6 6 6 6 7 6 6* 6* 6* 6*
1,500,000 7.5 6.5 6.5 6.5 6.5 6.5 7.5 6.5 6 6 6 6
2,000,000 8 7 7 7 7 7 75 6.5 6.5 6.5 6.5 6.5
3,000,000 8 75 7.5 75 75 7.5 8 7 7 7 7 7

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Table 5F-1.14: Recommended Thickness for Rigid Pavement - Collector Roads

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase| Natural [Granular | Granular | Granular | Granular [ Granular | Natural |Granular [ Granular | Granular | Granular | Granular
750,000 7 6 6 6 6 6 7 6 6* 6* 6* 6*
1,000,000 7.5 6.5 6.5 6.5 6.5 6.5 7 6 6 6 6 6
1,500,000 8 7 7 7 7 7 7.5 6.5 6.5 6.5 6.5 6.5
2,000,000 8 7.5 7.5 7.5 7.5 7 8 7 7 7 7 7
3,000,000 8 8 8 8 8 8 8 7.5 75 75 75 75
4,000,000 8.5 8 8 8 8 8 8.5 8 8 8 8 8
5,000,000 9 8 8 8 8 8 8.5 8 8 8 8 8
7,500,000 9.5 8.5 8.5 8.5 8.5 8.5 9.5 8.5 8 8 8 8
10,000,000 10 9 9 9 9 9 9.5 8.5 8.5 8.5 8.5 8.5

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Table 5F-1.15: Recommended Thickness for Rigid Pavement - Arterial Roads

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase| Natural [Granular | Granular | Granular | Granular | Granular | Natural | Granular | Granular | Granular | Granular | Granular
1,000,000 7.5 7 7 7 7 6.5 7.5 6.5 6.5 6.5 6.5 6.5
1,500,000 8 7.5 7.5 7.5 7.5 7 8 7 7 7 7 7
2,000,000 8 8 7.5 7.5 7.5 7.5 8 7.5 7.5 7.5 7.5 7.5
3,000,000 8.5 8 8 8 8 8 8.5 8 8 8 8 8
4,000,000 9 8 8 8 8 8 8.5 8 8 8 8 8
5,000,000 9 8.5 8.5 8.5 8 8 9 8 8 8 8 8
7,500,000 10 9 9 9 9 9 9.5 8.5 8.5 8.5 8.5 8.5
10,000,000 10 9.5 9.5 9.5 9 9 10 9 9 9 9 9
12,500,000f 10.5 9.5 9.5 9.5 9.5 9.5 10.5 9.5 9.5 9.5 9.5 9
15,000,000 11 10 10 10 10 10 10.5 9.5 9.5 9.5 9.5 9.5
17,500,000 11 10 10 10 10 10 11 10 10 10 10 10
20,000,000 11.5 105 105 105 10.5 10.5 11 10 10 10 10 10
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Table 5F-1.16: Recommended Thickness for Flexible Pavement - Local Roads

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase | Natural |Granular [Granular | Granular | Granular | Granular | Natural |Granular |Granular | Granular | Granular | Granular
300,000 8.5 7 6.5 6* 6* 6* 8* 6 6* 6* 6* 6*
500,000 9.5 8 7 6.5 6* 6* 8 6.5 6* 6* 6* 6*
750,000 10 8.5 7.5 7 6 6* 8.5 7 6 6* 6* 6*
1,000,000 10 8.5 8 7.5 6.5 6 8.5 7 6.5 6* 6* 6*
1,500,000 11 9.5 8.5 8 7 6.5 9 75 7 6 6* 6*
2,000,000 11 9.5 9 8.5 75 7 9.5 8 75 6.5 6 6*
3,000,000 12 105 9.5 9 8 75 10 8.5 8 7 6.5 6*

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Table 5F-1.17: Recommended Thickness for Flexible Pavement - Collector Roads

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase | Natural |Granular |Granular |Granular | Granular | Granular | Natural |Granular |Granular | Granular | Granular | Granular

750,000 105 9 8.5 75 7 6 9 75 6.5 6 6% 6*
1,000,000 11 9.5 9 8 7.5 6.5 9.5 8 7 6.5 6* 6*
1,500,000f 115 10 9.5 85 8 75 10 8.5 75 7 6 6*
2,000,000 12 105 10 9 8.5 75 105 9 8 75 6.5 6
3,000,000 13 115 105 10 9 8.5 11 9.5 8.5 8 7 6.5
4,000,000 135 12 11 105 9.5 9 115 10 9 8.5 75 7
5,000,000 135 12 115 105 10 9.5 115 10 9.5 9 8 75
7,500,000 13 12 115 10.5 10 12.5 11 10 9.5 8.5 8
10,000,000 135 125 12 11 10.5 13 115 10.5 10 9 8.5

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Table 5F-1.18: Recommended Thickness for Flexible Pavement - Arterial Roads

CBR 3 5
ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase | Natural |Granular |Granular | Granular | Granular | Granular | Natural |Granular | Granular | Granular | Granular | Granular
1,000,000 12 11 10 9.5 8.5 8 105 9 8 7.5 6.5 6
1,500,000 13 115 10.5 10 9 8.5 11 9.5 9 8 7.5 6.5
2,000,000 135 12 11 10.5 10 9 115 10 9 8.5 8 7
3,000,000 14 125 12 11 10.5 9.5 12 10.5 10 9 8.5 7.5
4,000,000 --- 13 125 115 11 10.5 12.5 11 10.5 9.5 9 8
5,000,000 135 13 12 115 105 13 115 11 10 9.5 8.5
7,500,000 135 13 12 115 135 12 115 10.5 10 9.5
10,000,000 135 13 12 14 12.5 12 11.5 10.5 10
12,500,000 14 135 125 13 125 115 11 10
15,000,000 135 13 135 125 12 115 105
17,500,000 14 13 14 13 125 115 11
20,000,000 135 14 135 125 12 11
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E. Pavement Thickness Design Calculations

Example #1 - Two Lane Roadway, PCC

AADT = 1,000
Trucks = 2%, Type A truck mix
Annual Growth Rate = 2%
Design Period = 50 years

Base Year Design ESALs (from Table 5F-1.07) = 2,000
Growth Factor (from Table 5F-1.11) = 84.6
2,000 ESALs X 84.6 = 169,200 ESALs

By referring to Table 5F-1.13 and rounding up the ESAL calculation to 300,000 (see below), the
pavement thickness alternatives are either 6 inches or 7 inches depending on the CBR value and
the subbase treatment selected.

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase| Natural |Granular | Granular | Granular [ Granular | Granular | Natural | Granular | Granular | Granular | Granular | Granular
300,000 7 6* 6* 6* & 6* i 5 & & 6* 6*
500,000 7* 6* 6* 6* 6* 6* 7* 6* 6* 6* 6* 6*
750,000 7* 6 6 6* 6* 6* 7 6* 6* 6* 6* 6*

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Example #1 - Two Lane Roadway, HMA
AADT = 1,000
Trucks = 2%, Type A truck mix
Annual Growth Rate = 2%
Design Period = 50 years

Base Year Design ESALSs (from Table 5F-1.08) = 2,000

Growth Factor (from Table 5F-1.1) = 84.6

2,000 ESALs X 84.6 = 169,200 ESALs

By referring to Table 5F-1.16 and rounding up the ESAL calculation to 300,000 (see below), the
pavement thickness alternatives range from 6 inches to 8.5 inches depending on the CBR value
and subbase treatment selected.

CBR 3 5
ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase Natural |Granular |Granular [Granular [Granular [Granular | Natural [Granular [Granular [Granular [Granular | Granular
300,000 8.5 7 6.5 6* 6* 6* 8* 6 6* 6* 6* 6*
500,000 9.5 8 7 6.5 6* 6* 8 6.5 6* 6* 6* 6*
750,000 10 85 75 7 6 6* 8.5 7 6 6* 6* 6*

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.
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Example #2 - Two Lane Roadway, PCC
AADT = 5,000

Trucks = 4%, Type B truck mix

Annual Growth Rate = 2%

Design Period = 50 years

Base Year Design ESALs (from Table 5F-1.07) = 32,500
Growth Factor (from Table 5F-1.11) = 84.6
32,500 ESALs X 84.6 = 2,749,500 ESALs

By referring to Table 5F-1.14 and rounding up the ESAL calculation to 3,000,000 (see below),
the pavement thickness alternatives range from 7.5 inches to 8 inches depending on the CBR

value and subbase treatment selected.

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase| Natural |Granular | Granular | Granular | Granular | Granular | Natural | Granular | Granular | Granular | Granular | Granular
750,000 7 6 6 6 6 6 7 6 6* 6* 6* 6*
1,000,000 7.5 6.5 6.5 6.5 6.5 6.5 7 6 6 6 6 6
1,500,000 8 7 7 7 7 7 7.5 6.5 6.5 6.5 6.5 6.5
2,000,000 8 7.5 7.5 7.5 7.5 7 8 7 7 7 7 7
3,000,000 8 8 8 8 8 8 8 7.5 7.5 7.5 7.5 7.5
4,000,000 8.5 8 8 8 8 8 8.5 8 8 8 8 8
5,000,000 9 8 8 8 8 8 8.5 8 8 8 8 8

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.

Example #2 - Two Lane Roadway, HMA
AADT = 5,000

Trucks = 4%, Type B truck mix

Annual Growth Rate = 2%

Design Period = 50 years

Base Year Design ESALs (from Table 5F-1.08) = 24,500
Growth Factor (from Table 5F-1.11) = 84.6
24,500 ESALs X 84.6 = 2,072,700 ESALs

By referring to Table 5F-1.17 and rounding down the ESAL calculation to 2,000,000 (see below),
the pavement thickness alternatives range from 6 inches to 12 inches depending on the CBR

value and subbase treatment selected.

CBR 3 5
ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase Natural [Granular [Granular [Granular |Granular [Granular | Natural [Granular [Granular [Granular [Granular | Granular
750,000| 10.5 9 8.5 7.5 7 6 9 75 6.5 6 6* 6*
1,000,000 11 9.5 9 8 75 6.5 9.5 8 7 6.5 6% 6*
1,500,000 115 10 9.5 8.5 8 75 10 8.5 75 7 6 6*
2,000,000 12 10.5 10 9 85 75 105 9 8 75 6.5 6
3,000,000 13 115 10.5 10 9 8.5 11 9.5 8.5 8 7 6.5
4,000,000 135 12 11 10.5 9.5 9 115 10 9 8.5 7.5 7

* Represents the minimum thickness based on established policies of local jurisdictions; the calculated value is less.
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Example #3 - Four Lane Roadway, PCC

AADT = 15,000
Trucks = 5%, Type C truck mix
Annual Growth Rate = 2%
Design Period = 50 years

Base Year Design ESALs (from Table 5F-1.09) = 107,000
Growth Factor (from Table 5F-1.11) = 84.6
107,000 ESALs X 84.6 = 9,052,200 ESALs

By referring to Table 5F-1.15 and rounding up the ESAL calculation to 10,000,000 (see below),
the pavement thickness alternatives range from 9 inches to 10 inches depending on the CBR
value and subbase treatment selected.

CBR 3 5

ESAL/ 4" 6" 8" 10" 12" 4™ 6" 8" 10* 12"
Subbase| Natural |Granular | Granular | Granular | Granular | Granular | Natural | Granular | Granular | Granular | Granular | Granular
1,000,000 7.5 7 7 7 7 6.5 7.5 6.5 6.5 6.5 6.5 6.5
1,500,000 8 75 75 75 75 7 8 7 7 7 7 7
2,000,000 8 8 75 75 75 75 8 75 75 75 75 75
3,000,000 8.5 8 8 8 8 8 8.5 8 8 8 8 8
4,000,000 9 8 8 8 8 8 8.5 8 8 8 8 8
5,000,000 9 8.5 8.5 8.5 8 8 9 8 8 8 8 8
7,500,000 10 9 9 9 9 9 9.5 8.5 8.5 8.5 8.5 8.5
10,000,000 10 9.5 9.5 9.5 9 9 10 9 9 9 9 9
12,500,000 10.5 9.5 9.5 9.5 9.5 9.5 10.5 9.5 9.5 9.5 9.5 9

Example #3 - Four Lane Roadway, HMA
AADT = 15,000
Trucks = 5%, Type C truck mix
Annual Growth Rate = 2%
Design Period = 50 years

Base Year Design ESALs (from Table 5F-1.10) = 75,500
Growth Factor (from Table 5F-1.11) = 84.6
75,500 ESALs X 84.6 = 6,387,300 ESALs

By referring to Table 5F-1.18 and rounding the ESAL calculation to 7,500,000 (see below), the
pavement thickness alternatives range from 9.5 inches to 13.5 inches depending on the CBR
value and subbase treatment selected.

CBR 3 5
ESAL/ 4" 6" 8" 10" 12" 4" 6" 8" 10" 12"
Subbase Natural [Granular|Granular |Granular [Granular [Granular | Natural |Granular |Granular [Granular | Granular |Granular
1,000,000 12 11 10 95 8.5 8 10.5 9 8 75 6.5 6
1,500,000 13 115 10.5 10 9 8.5 11 9.5 9 8 7.5 6.5
2,000,000 135 12 11 10.5 10 9 115 10 9 8.5 8 7
3,000,000 14 12.5 12 11 10.5 9.5 12 10.5 10 9 8.5 7.5
4,000,000 13 12.5 115 11 10.5 12.5 11 10.5 9.5 9 8
5,000,000 13.5 13 12 115 10.5 13 115 11 10 9.5 8.5
7,500,000 135 13 12 115 135 12 115 105 10 9.5
10,000,000 135 13 12 14 125 12 115 10.5 10
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General Information for Joints

A. General Information

The need for a jointing system in concrete pavements results from the desire to control the location
and geometry of transverse and longitudinal cracking. Without jointing, uncontrolled cracking occurs
due to stresses in the pavement from shrinkage, temperature and moisture differentials, and applied
traffic loadings.

A good jointing plan will ease construction by providing clear guidance. The development of a
jointing plan requires the designer to think about not only the specific project requirements but also
the entire project jointing system. Jointing layouts in some parts of a project can have a substantial
impact on other parts. In order to control concrete pavement cracking and subsequently maintain
structural integrity, designers need to develop an understanding of how to complete jointing layouts
of mainline pavements and intersections to obtain a comprehensive jointing system. This will allow a
check on the pattern, type of joints, and matching joints to their purpose.

There are three types of jointing systems for concrete pavements, including:
e Jointed plain concrete pavement

e Jointed reinforced concrete pavement

e Continuously reinforced concrete pavement

This section deals primarily with jointed plain concrete pavements (JPCP) with tie bars or dowel bars
only at joints as shown in Figure 5G-1.01. The function of the bars in JPCP is to provide load
transfer across the joints, either through tie bars that hold the adjacent slabs together and maintain
aggregate interlock or through dowel bars that provide mechanical load transfer even with slab
movement.

Some cities specify jointed reinforced concrete pavements (JRCP), sometimes referred to as
distributed steel reinforcing pavements. Section 5G-2 discusses jointed reinforced pavements.
Jointed reinforced pavements allow for longer spacing between transverse joints by utilizing bar mats
to hold midpanel cracks together and maintain structural integrity of the slab. Jointed reinforced
pavements should not be confused with continuously reinforced concrete pavement, CRCP, which
has very few or no joints.

Figure 5G-1.01: Jointed Plain Concrete Pavement (JPCP)
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The primary benefits of jointing include:
e Crack control.

e Accommodating slab movements.

e Providing desirable load transfer.

Secondary benefits of jointing include:

¢ Dividing the pavement into practical construction increments (i.e. traffic lanes, pavement
widening).

e Providing traffic guidance.

B. Crack Development

Crack development results from stress that exceeds the strength of the concrete due to concrete drying
shrinkage, subgrade restraint, temperature/moisture differentials, applied traffic loads, and the
combined effects of restrained curling and warping. It is highly desirable to control the location and
geometry of transverse and longitudinal cracking in pavements by using properly designed and
constructed joints. Without this control, cracking occurs in a random pattern similar to Figure 5G-
1.02.

Figure 5G-1.02: Effect of Jointing on Crack Control

e e
Crack Pattern Without Jointing Properly Jointed Pavement

Cracking can be broken into two categories - initial and mature.

1. Initial Cracking: Initial cracking occurs within a few hours to a few months after the pavement
has been placed. It may be caused by the following conditions.

a. Concrete Shrinkage (loss of volume): Concrete shrinkage is caused by contraction of
concrete from the following.

1) Temperature Change During Hydration: The heat of hydration and temperature of
pavement normally peak a short time after final set. After peaking, the temperature of
concrete declines due to reduced hydration activity and lower air temperature during the
first night of pavement life. As the temperature of concrete drops, the concrete contracts
or shrinks. If severe air temperature changes occur within the first few hours after
construction, high tensile stresses may cause transverse cracking to occur.

2) Loss of Water During Hydration (drying shrinkage): Drying shrinkage results from
the reduction of volume through loss of mix water. Concrete mixes for roadway
applications require more mix water than is required for hydration (water consumed
through chemical reactions with cement). The extra water helps provide adequate
workability for placing and finishing operations. During consolidation and hardening,
most of the excess water bleeds to the surface and evaporates. With the loss of the water,
the concrete has less volume.
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2.

b. Subgrade and Subbase Restraint: Subgrade or subbase friction resists the contraction of
the pavement from reduced volume and temperature. This resistance produces tensile
stresses within the concrete.

c. Curling and Warping: Curling is the result of temperature changes through the depth of the
pavement. Daytime curling occurs when the top portion of the slab is at a higher temperature
than the bottom portion. Because of the higher temperature, the top expands more than the
bottom, causing the tendency to curl. Subgrade and subbase friction and the weight of the
slab are factors that help to counteract the daytime curling. During the night, the effects of
curling are reversed. See Figure 5G-1.03.

Figure 5G-1.03: Daytime and Nighttime Curling
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Warping results from a moisture differential from the top to the bottom of the slab. The top
of the slab is normally drier than the bottom. The decrease in moisture content causes
contraction at the top of the slab, which helps to counteract daytime curling. This contraction
causes stresses in the concrete, which can lead to cracking.

Mature Cracking: Mature cracking occurs several months or years after pavement is placed.
As traffic loads are applied to the pavement, along with temperature and moisture changes, tensile
strain/stress will develop in concrete as the result of:

a. Curling and warping in combination with repetitive traffic loads.

b. Poorly designed and constructed pavement joints that do not provide proper load transfer
across the joints and pavement slab.

c. Poor foundation support due to unsuitable or non-uniform soils and excessive subgrade
moisture.

C. Crack Control

Cracking can be minimized by the following:

1.

2.

Properly designed and constructed joints and joint layout that account for load transfer.

Proper timing of sawing of joints.

Sawing of joints in the correct locations.

Proper curing of concrete to prevent high initial shrinkage and cracking of hardening concrete.

Constructing a quality foundation with uniform, stable subgrade, drainable subbase, and
longitudinal subdrains. See Chapter 6 - Geotechnical for additional guidance.
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D. Considerations for Good Pavement Jointing

In order to design a suitable pavement jointing system, the following considerations have been
included in the jointing layout steps covered in this design section. The following elements need to
be considered for adequate jointing:

1.

10.

Joint Purpose: Transverse and longitudinal joints are used to control cracking of the pavement
by relieving internal curing and loading stresses. Transverse joints serve to control cracking
resulting from contraction of the pavement.

Climate and Environmental Conditions: Depending upon temperature and moisture changes
that occur at the time of construction, expansion and contraction of the slab will occur, resulting
in stress concentrations, warping, and curling.

Slab Thickness: Pavement thickness counteracts curling stresses and deflections. Thicker
pavements are less prone to curling.

Load Transfer: Load transfer is desirable across any concrete pavement joint. However, the
amount of load transfer provided varies for each joint type, aggregate interlock, and the type of
bar.

Joint Spacing vs. Thickness: Maximum joint spacing is dependent on pavement thickness;
thinner pavement requires closer joint spacing than thick pavement.

Traffic: Traffic is an extremely important consideration in joint design. Traffic classification,
channelization, and, particularly, the amount of truck traffic influence the load transfer
requirements for long-term performance.

Concrete Material and Construction Characteristics: Specific materials and their
combinations can affect concrete strength and joint requirements. When special mixes outside of
standard mixes are proposed to meet project conditions and requirements, the materials selected
for the concrete can influence slab shrinkage. Substandard materials and construction practices
can have a detrimental effect on joint performance. For example, poor coarse aggregate can lead
to D-cracking, which initially occurs along pavement joints, or over-vibration can lead to low air
content, which can lead to early deterioration of pavement joints.

Subbase Type: The support values and interface friction characteristics of different subbase
types affect movement and support of the slabs.

Shoulder Design: The shoulder type (curb, tied concrete, asphalt, granular, or earth) affects edge
support and ability of mainline joints to transfer load. Widened outer lanes are also effective for
helping maintain load transfer.

Past Performance: Performance observations and records can be used to establish standard joint
design (what has worked and what has not).
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E. Load Transfer

For jointed concrete pavement to perform adequately, traffic loadings must be transferred effectively
from one side of the joint to the other. This is commonly referred to as load transfer, which is
measured by joint effectiveness. If a joint is 100% effective, it will transfer approximately one half of
the applied load. Field evaluation of load transfer is calculated by measuring the deflection on each
side of a joint from the applied load. Load transfer is necessary for jointed concrete pavements to
perform well. Adequate load transfer lowers deflections and reduces faulting, spalling, and corner
breaks. Table 5G-1.01 shows that joint efficiency drops considerably when the joint opening below
the sawcut line starts to exceed 1/8 inch.

Table 5G-1.01: Joint Opening Below the Saw Cut vs. Joint Efficiency

Joint Opening Joint

Below Saw Cut Efficiency
1/16” > 50%
1/8” <50%
1/4” 0%

The following factors contribute to load transfer across joints:

Aggregate interlock
Mechanical load transfer devices
Uniform, stable foundation, including quality subgrade and drainable subbase

1. Aggregate Interlock: Aggregate interlock is the interlocking action between aggregate particles
at the face of the joint. It relies on the shared interaction between aggregate particles at the
irregular crack face that forms below the sawcut. This form of load transfer has been found to be
the most effective form of load transfer on streets with short joint spacings and low truck
volumes. Increased aggregate interlock load transfer and minimized faulting will result from the
following:

a.

Longitudinal tiebars and/or keyways.

1) Typically used in longitudinal contraction and construction joints.

2) Tiebars provide little load transfer themselves, but they do hold the slabs relatively tight
together to maintain aggregate interlock.

Shorter joint spacings (e.g. 15 feet or less).

Larger crushed stone in the concrete mix

1) Larger (greater than 1 inch) aggregates are helpful in maintaining load transfer, especially
for larger joint openings.

2) Generally, crushed stone aggregates perform better for aggregate interlock than rounded
aggregates because the angular aggregates create a rougher joint face.

2. Mechanical Load Transfer: Aggregate interlock alone may not always provide sufficient load
transfer in transverse joints for highway pavements and streets subject to heavy truck traffic.
Under these circumstances, dowel bars should be used.

a. Dowel Bar Benefits: Dowel bars are smooth round bars placed across joints to transfer loads

without restricting horizontal joint movement. The benefits of dowel bars are as follows:

1) They keep slabs in horizontal and vertical alignment.

2) Since dowel bars span the joint, daily and seasonal joint openings do not affect load
transfer across doweled joints as much as they do undoweled joints.
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3) Dowel bars lower deflection and stress in concrete slabs, and reduce the potential for
faulting, pumping, and corner breaks.
4) Dowel bars increase pavement life by effectively transferring the load across the joint.

b. Dowel Bar Use: Historically, dowel bars have been used to provide additional mechanical
load transfer where traffic exceeds 200 trucks per day (or 100 trucks per lane), or
accumulated design traffic exceeds 4 to 5 million ESALs. Typically, this truck traffic level
will require at least an 8 inch thick slab, which is generally regarded as the minimum
thickness to accommodate dowels.

3. Quality Subgrades and Subbases: A proper foundation for pavements reduces joint deflection,
assists in aggregate interlock, and improves and maintains joint effectiveness under repetitive
loads. Quality subgrades and subbases not only provide this support but also provide an all-
weather working platform and stable smooth trackline for paving equipment. For design guidance
for pavement subgrades and subbases, see Chapter 6 - Geotechnical.

It should be noted the subbase type and the subgrade support k-value have an effect on stresses in
pavement slabs. The stiffer the foundation, the greater the slab’s curl and warping stresses will
be. Therefore, a shorter transverse joint spacing should be used.

4. Skewed Joints: Upon approval of the Jurisdictional Engineer, transverse contraction joints for
undoweled pavements may be skewed counterclockwise (right ahead) 4 to 5 feet. Skewed joints
are effective in decreasing the dynamic loading in the joint area by distributing the transfer of
load. Each wheel on an axle crosses a skewed joint at a separate time. This reduces stresses and
deflections in the concrete slab and helps reduce pumping and faulting. Also, the joints are 4 or 5
inches longer which increases the slab support area. The use of skewed joints is more appropriate
for rural low volume roads and is not as practical for urban conditions due to the need to have
right angle jointing patterns at intersections. A word of caution: If random cracks occur, they
normally are at somewhat right angles and can create a pie shaped piece of pavement when they
cross a skewed joint.
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SUDAS 5G - PCC Pavement Joints

Types of Joints

A. Jointing

PCC pavement joints are necessary primarily to control the location of cracks that occur from natural
and dynamic loading stresses. They accommodate stresses that develop from slab curling and
warping due to moisture and temperature differentials and traffic loading. In addition, joints divide
the pavement into suitable construction increments or elements. Standard design considerations
include joint types, spacing, load transfer, and sealing. This section deals with the proper selection
and layout of contraction, construction, and isolation joints.

B. Joint Spacing

Joint spacing for unreinforced concrete pavements depends on slab thickness, concrete aggregate,
subgrade/subbase support, and environmental conditions. Transverse joint spacing should be limited
to 24T (T is slab thickness) for pavements on subgrades and granular subbases or 21T if the pavement
is placed on stabilized subbases, existing concrete, or asphalt. Transverse joint spacing is12 feet for
pavements 6 inches thick, 15 feet for pavements 7 to 9 inches thick, and 20 feet for pavements over 9
inches thick. Longitudinal joint spacing for two lane streets, where lane delineation is not necessary,
should be limited to a maximum of 10 feet. For multi-lane streets, where lane delineation is desired,
longitudinal joint spacing is typically 10 to 13 feet. Generally, transverse joint spacing should not
exceed 150% of the longitudinal joint spacing. Table 5G-2.01 provides transverse joint spacings for
standard two lane streets.

Table 5G-2.01: Transverse Joint Requirements

Pavement Transverse Joint | Transverse Joint
Thickness Type Spacing
6” C 12°
7 C 15’
8” CD! 15
9” CD! 15
>10” CD? 20°

1 No dowels within 24” of the back of curb

Source: SUDAS Specifications Figure 7010.901

C. Joint Types

Contraction joints for concrete pavements are generally sawed. Transverse joints can be sawed with
conventional sawing or early concrete sawing equipment. Longitudinal joints are formed with
conventional sawing . Some joints, including construction joints, are formed. The figures in this
subsection are derived from SUDAS Specifications Figure 7010.101.
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1. Transverse Contraction Joints: Contraction joints constructed transversely across pavement
lanes are spaced to control natural initial and mature cracking of the concrete pavement. Under
certain conditions, such as rapidly dropping air temperature during the night, transverse cracks
may occur early. Therefore, early formation of the transverse joints is required.

a. Plain Contraction Joints: Plain contraction joints are normally used in local streets and
minor collectors where load transfer is not a major factor. Load transfer for plain contraction
joints occurs through the adjacent irregular fractured faces. Generally, they are used when
the slab thickness is less than 8 inches. The joints are constructed by sawing to a depth of
T/3. Plain contraction joints are sometimes used when the pavement thickness is 9 inches or
greater such as at intersections in boxouts near curbs where load transfer is not a concern.
Approved early concrete sawing equipment may be used to cut the joint to a depth of 1 1/4
inch. For sealing, the joint width must be a minimum of 1/4 inch wide.

Figure 5G-2.01: °C’ Plain Contraction Joint

[ Sawed & Sealed Joint
Y
PRl

I

b. Doweled Contraction Joints: Dowel bars are used to supplement the load transfer produced
by aggregate interlock. The joints are sawed to a depth of T/3 and are spaced at 15 foot
intervals for slab thickness of 9 inches or less and 20 feet for slabs greater than 9 inches thick.
The dowels are placed at the mid-depth in the slab so they can resist shear forces as traffic
loads cross the joint; thus helping reduce deflection and stress of the joint. The need for
doweled contraction joints depends on subgrade/subbase support and the truck traffic
loadings the roadway is to provide. They are usually used on streets or roadways where the
pavement thickness is 8 inches or greater and where the pavement is subject to heavier truck
traffic, generally more than 100 trucks per lane per day. Early entry concrete sawing can be
used for ‘CD’ joints.

Dowels should not be placed closer than 24 inches from the back of the curb on streets with
quarter point or third point jointing. If gutterline jointing is used, place the first dowel in the
traffic lane 6 inches from the joint.

Figure 5G-2.02: ‘CD’ Doweled Contraction Joint

[ Sawed & Sealed Joint

LR AC

18" Long Dovsu/el — A
at 12" Centers

2. Longitudinal Contraction Joints: Longitudinal contraction joints release stresses from
restrained warping and dynamic loading. Under certain conditions, such as rapidly dropping air
temperature during the night, longitudinal cracks may occur early. Therefore, early formation of
the joint is required.
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Typically, sawed longitudinal joints are sealed. However, since the slabs on either side of the
longitudinal contraction joint are tied by a reinforcing bar, the Jurisdictional Engineer may
approve not sealing the joint. The need to seal the joint is reduced due to the tied connection and
the fact the joint will not open. The depth of cut for sawed longitudinal joints is T/3, regardless
of the method of sawing used. The width of the sealed joints is 1/4 inch + 1/16 inch. The
maximum width of the unsealed joints is 1/8 inch + 1/16 inch.

A longitudinal joint is usually placed at the center of the pavement to allow the pavement to hinge
due to lane loading and help delineate separation of opposing traffic. Controlling cracking and
proper constructability are the primary functions of longitudinal contraction joints. Lane
delineation is a secondary function.

Figure 5G-2.03: Longitudinal Contraction Joints
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Material
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Joint Line
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Joint
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Not Required
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——— - Crack or
23; 2 F o £00 Joint Line
iy
‘L’ Joint without Sealant
Tool Joint. Sawing & Bar Size &
Sealing Not Required Spacing Varies

‘BT’, Butt Joint
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An important consideration when establishing the distance between longitudinal joints for jointed
plain concrete pavements is the prevention of random longitudinal cracking at the quarter point,
which is the midpoint between the centerline and the back of the curb. Pavements less than 9
inches thick may not crack through a longitudinal joint placed close to the gutter, which could
cause longitudinal cracks at the quarter point. For this reason, it is preferred to use quarter point
jointing for 31 foot wide pavements. Third point jointing, which eliminates the centerline joint, is
frequently used for pavement narrower than 30 feet because of the narrower panel width and for
31 foot wide pavements with a depth greater than 8 inches. However, some jurisdictions desire a
centerline joint and a gutterline joint, typically 3 to 3 1/2 feet from the back of curb. A gutterline
joint should only be used if the pavement has depth of at least 9 inches or pavement widening is
likely to occur.

The following examples depict jointing options for 26 foot and 31 foot wide pavements. The
principles involved with jointing for these pavement widths can be extended to other pavement
widths.

a. 26 Foot B-B Pavement: Three longitudinal joint options for 26 foot wide plain jointed

concrete pavements are provided:

1) Third point jointing provides for a single 9 foot center panel with two joints, each 8 1/2
feet from the back of curb.

2) Quarter point jointing includes a centerline joint and two joints at the quarter points. This
option is used when centerline crack control is desired.

3) Gutterline jointing provides two 10 foot lanes with a centerline joint and gutterline joints
3 feet from the back of curb. As stated above, care must be exercised with this option to
prevent random cracking at the quarter point. This option is typically used for streets 9
inches or greater in thickness.

Figure 5G-2.04: 26 Foot B-B Pavement

as 26'9',3‘3 o5 26' B-B 26’ B-B
e 2 ~6.5"+6.5~6.5"16.5" ~3'~—10 10— 3"~
— T e T
/—\_/ /\\/ /d\ I
Third Point Jointing Quarter Point Jointing Gutterline Jointing

b. 31 Foot B-B Pavements: Three longitudinal joint options for 31 foot wide pavements are
provided.

1) Quarter point jointing provides for a centerline longitudinal joint and two quarter point
joints and is not intended to delineate driving lanes.

2) Third point jointing provides three nearly equally spaced panels, without a centerline
joint. It typically is used as an option to quarter point jointing to minimize the number of
longitudinal joints.

3) Gutterline jointing utilizes a centerline joint and gutterline joints 3 to 3 1/2 feet from the
back of curb that delineate driving lanes.. This jointing pattern is typically used when the
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pavement may be widened in the future, and the delineation of the lanes is desired. Care
must be exercised with this option to prevent random cracking at the quarter point.
Typically, gutterline jointing is used on streets with pavement thickness greater than or
equal to 9 inches.

Figure 5G-2.05: 31 Foot B-B Pavements

31'B-B 31'B-B 31" B_B
875758~ 10510105 - 3'ﬁ12.5'aﬁ12.5’ﬂ3 ~
/—/\\/ /—\\J //x\_///

Quarter Point Jointing Third Point Jointing Gutterline Jointing

3. Transverse and Longitudinal Construction Joints: Construction joints are necessary for
planned construction interruptions or widening/extending a pavement. Examples include
construction of adjacent lanes at different times; box-outs for structures, radii, etc.; planned gaps
in the paving operation such as at driveways, bridges, and intersections; paving operation
stoppages for over 30 minutes; and when a joint is needed between dissimilar materials.
Construction joints are also used between an existing pavement and a new pavement. The joint is
formed with the existing slab and is not sawed, except to accommodate joint sealing when
required. Sawing and sealing of the joints are not required for those tied with deformed bars.

a. Transverse Construction Joints: These types of joints are usually butt-type joints with
deformed tie bars or dowels to provide load transfer and prevent vertical movement. Because
DW joints are tied, they should be located mid-panel or no closer than 5 feet to a planned
contraction joint. When joint sealing is required, the depth of the saw cut (1 1/4 inches) is
just deep enough to provide a reservoir for the joint sealant. The following are typical
transverse construction joints.
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Figure 5G-2.06: Transverse Construction Joints
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(For Abutting Pavement Slabs)

Typically used when two different pavement types
or thicknesses abut or at the inside longitudinal
edge of intake boxouts.

b. Longitudinal Construction Joints: These types of joints are used when adjacent lanes are
constructed at different times. Tie-bars are primarily designed to resist horizontal movement
but help with load transfer and vertical control. Under certain conditions, such as a drop in
air temperature during the first night, longitudinal and transverse cracks may occur early.
Early sawing of transverse joints is important when tied longitudinal construction joints are
constructed in order to prevent the following two conditions from occurring.

1) Sympathy Transverse Cracking in New Lane Construction: When a new slab is
longitudinally tied to an existing pavement, the existing transverse contraction joints can
cause adjacent lane cracking in the new slab if early sawing of the transverse joints is not
done. If there are transverse random cracks in an existing slab, the longitudinal
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construction joint should be a plain butt joint or keyed joint (with no tie bars), if one
exists in the old slab, to prevent sympathy cracks in the new pavement.

2) Longitudinal Tie-bar Stress in Cooler Weather Conditions: Care must be exercised
to control cracking when utilizing longitudinal construction joints with tie bars,
particularly in cool temperatures. For example, when a lane is constructed one day and
the adjacent lane is constructed the following day or later, the existing lane could be
expanding, particularly in the morning. If the new lane is in its final set (contracting) at
the same time the existing pavement is expanding, stresses in the concrete at the tie bars
can be significant. If the strength of the new concrete has not developed enough to resist
the stresses, cracking could occur in the new concrete at the tie bars. During cooler
weather conditions, care should be exercised when paving the new lane. ldeally, the new
paving operation should take place at mid-day or later when the existing lane expansion
is reduced.

Figure 5G-2.07: Longitudinal Construction Joints
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LONGITUDINAL KEYWAY JOINT
RIGID TIE

4. lsolation Joints and Expansion Joints: Expansion and isolation joints accommodate
anticipated differential horizontal and vertical movements that occur between a pavement and
structure. Their purpose is to allow movement without damaging adjacent structures or
pavements. Contraction or control joints also absorb some movement; however, their main
function is to control the location and geometry of the natural cracking pattern in the concrete
slab. Because pavement performance can be significantly affected by the planned use and
location of isolation and expansion joints, care should be taken in their design. Though the terms
are sometimes used interchangeably, isolation joints are not expansion joints.
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a. lIsolation Joints: Isolation joints isolate the pavement from a structure, another paved area,
or an immovable object. Isolation joints include full depth, full width joints found at bridge
abutments, intersections, or between existing and new pavements. The term “isolation joint”
also applies to joints around in-pavement structures such as drainage inlets, manholes,
footings, and lighting structures. Isolation joints lessen compressive stresses that develop at
T and unsymmetrical intersections, ramps, bridges, building foundations, drainage inlets,
manholes, and anywhere differential movement between the pavement and a structure may
take place. They are also placed adjacent to existing pavements, especially when it is not
possible or desirable to match joint locations in the older pavement. Isolation joints should
be 1/2 to 1 inch wide. Greater widths may cause excessive movement. They are filled with a
pre-formed joint filler material to prevent infiltration of incompressibles.

At T-intersections, isolation joints should be used to isolate the T-intersecting street from the
through street. Also, all legs of skewed streets should be isolated from the through street.
Isolation joints used for this purpose should be placed one joint spacing back from the end of
the intersection radii.

The joint filler material for expansion and isolation joints occupies the gap between the slabs
and must be continuous from one pavement edge to the other and through curb and gutter
sections. This filler material is usually a non-absorbent, non-reactive, non-extruding material
typically made from either a closed-cell foam rubber or a bitumen-treated fiber board. No
plug or sliver of concrete should extend over, under, through, around, or between sections of
the filler, or it will cause spalling of the concrete. After the concrete hardens, the top of the
filler may be recessed about 3/4 inch below the surface of the slab to allow space for the joint
sealant to be placed later.

1) Doweled Isolation Joints: Isolation joints used at structures should have dowels to
provide load transfer. The end of the dowel must be equipped with a closed-end
expansion cap into which the dowel can move as the joint expands and contracts. The
cap must be long enough to cover 2 inches of the dowel and have a suitable stop to hold
the end of the cap at least the width of the isolation joint plus 1/4 inch away from the end
of the dowel bar. The cap must fit the dowel bar tightly and be watertight. The half of
the dowel with the capped end must be coated to prevent bonding and allow horizontal
movement.

2) Special Undoweled Isolation Joints: Isolation joints at T and unsymmetrical
intersections or ramps are not doweled so that horizontal movements can occur without
damaging the abutting pavement. Undoweled isolation joints can be constructed with
thickened edges to reduce the stresses developed at the slab bottom. The abutting edges
of both pavements should be thickened by 20% starting with a taper 5 feet from the joint.
The isolation filler material must extend completely through the entire thickened-edge
slab.

Figure 5G-2.08: Thickened Edge Joint

L2T — .

Y m=

a) Undoweled Isolation Joints for Boxouts: Isolation joints used at drainage inlets,
manholes, and lighting structures do not have thickened edges or dowels.
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b) Adjusting Isolation Joints for Utility Fixtures: After developing the jointing plan,
plot any catch basins, manholes, or other fixtures that are within the intersection.
Non-telescoping manholes will require a boxout or isolation joint to allow for vertical
and horizontal slab movement. Consider using rounded boxouts to avoid crack-
inducing corners. Also, for square boxouts, wire mesh or small-diameter reinforcing
bars in the concrete around any interior corners will hold cracks tight should they
develop. Telescoping manholes can be cast integrally within the concrete, and do not
necessarily require a boxout. The multiple piece casting does not inhibit vertical
movement and is less likely to create cracks within the pavement.

When a joint is within 5 feet of a fixture, it is desirable to adjust the joint so that it
will pass through the fixture or the boxout surrounding the fixture. The following
diagram shows several acceptable ways to skew or shift a joint to meet fixtures.

b. Expansion Joints: Expansion joints are defined as full depth, full width transverse joints
placed at regular intervals of 50 to 500 feet (with contraction joints in between). This is an
old practice that was used to relieve compressive forces in pavement. Unfortunately, this
practice often caused other problems in the pavement such as spalling, pumping, faulting, and
corner breaks.

Good design, construction, and maintenance of contraction joints has virtually eliminated the
need for expansion joints, except under special conditions. In addition to the problems listed
above, the improper use of expansion joints can lead to high construction and maintenance
costs, opening of adjacent contraction joints, loss of aggregate interlock, sealant failure, joint
infiltration, and pavement growth. By eliminating unnecessary expansion joints, these
problems are removed and the pavement will provide better performance.

Pavement expansion joints are only needed when:

1) The pavement is divided into long panels (60 feet or more) without contraction joints in
between to control transverse cracking.

2) The pavement is constructed while ambient temperatures are below 40°F.

3) The contraction joints are allowed to be infiltrated by large incompressible materials.

4) The pavement is constructed of materials that in the past have shown high expansion
characteristics.

Under most normal concrete paving situations, these criteria do not apply. Therefore,
expansion joints should not normally be used (PCA, 1992).
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Figure 5G-2.10A: Typical PCC Joint Layout at Intakes - Boxout for Grate Intakes
(SUDAS Specifications Figure 6010.514, sheet 2*)
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* SUDAS Specifications Figure 6010.514, sheets 1 and 3 include more boxout options.
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(SUDAS Specifications Figure 6010.508, sheet 2*)

Figure 5G-2.10B: Typical PCC Joint Layout at Intakes - Boxout for Open-throat Curb Intakes

J
I0TSUSWIP
235nIpy : SN

.Em_ucﬁmvm.__mcm.c
 unutu parousy Suipets pue suy
207 I3

805-MS

uojepiodsuel] jo (@
susluz ecoa emor K

svans {e

198 0%
94NfON1ES | 84nyonliis
00D|d-Ul-4SD)| 4SD2B.d

SHILINVIO 3did WINIXYN

'DaD }ssul sy} jo abps

8y} 4D siuewednbed BupDds wWNWUW BY} 0 WA0LUOD
tou op 4by4 stuiol jusweapd ssusasupay Aup dojs
*sjujof juswsapd BulsS|xe Uo4DW ‘SeyDIU| }140448d 104

*S4N0X0qQ 94DPOWWOoOD 04 padinbald sp bujobds
jujof jusop[pp }snlpy ‘jnoxcq s¥pjul syt AQ pe|jodjuos
sl jusweApd ejedouocd meu uo Bujopds jujol eSUeASUD.]

ujw gl
"dhy 98

qiny 4o v_oam_l\

2l 8- se|op | —— SIIDM 4 EMp
2l W8k S8|DA| —— SIIoM 4 M
bl b SNUIW LUBISH | 9l — SIIDM |4 M
up|d 99§ 8 snuw y4busq inoxog b _ Jlasy) 2 13
ll 9= 9 — asbg 4 29k

ol 19k 9 — aspg 4 19%

9 40l 0l — doyl 4 1204
2 49~ 4 — doy 4 24y
4-48su| 88g 8= i — do) 4 134
Burobnds y4bua Junoy | eadbys uo|40o07 9215 | MJDW

1SI7 ¥Y8 INIDHOANIZY

$ulor g, I/

NY1d

{"xpw ,,0-,0¢ “UW ,,0-,11)
@ yibua noxog

SnIpDy :v\_ o} abp3 I/

sl 03, A

[

I
1
T
1
u

n
Il
Il
1
|
u

JUj0d MOT 4D Ul ,0- b
8pDY Uo "UjUl ,,0-.2

[l iy il L

4uior 3,

\ 4uior .03,
(rdA4)
H_\\L_um jlemoq

—
MOl4

T
I
u

]

#0

-

== % =~ I

|

uw,0-,k

0=k

™ (q4M) 40 Sopg)

UOI4D}S UOI}DO0T

[FIGURE 6010.508[SHEET 2 OF 2

* SUDAS Specifications Figure 6010.508, sheet 1 includes more information.

Revised: 2013 Edition

12


http://www.iowasudas.org/manuals/specs/div6/6010_508.pdf#page=2

Chapter 5 - Roadway Design

Section 5G-2 - Types of Joints

Table 5G-2.02: Summary of Joints

(Derived from the lowa DOT Design Manual, Section 7A-2, Tables 1 and 2)

Method of Load
Type Thermal Movement
Transfer
s | 3 = - & 2
- ‘D o 3 = ‘S S
[} < = = = =4 O+ S @ 4 =
17 =t < L . o T d >d © =9 O
8 8| R|E | 5| & O |28 g g3fc Comments
Joint | 2| 2 Y| &5 T|odSqUTge
= =) = < 2 = 23 282 sz «
i c S =) = o ] . o £ 5]
-_— o (@] [ —_— Q
[=} > I} [=} &
X2 < X2 -
Used between dissimilar materials or when other
B X X X joints are not suitable.
X X X Transverse joint used when T < 8 inches.
CD X X X X Transverse joint used when T > 8 inches.
CT X X X X Specialty tied contraction joint.
DW X X X Used by contractor as a stopping point.
Used at the end of rigid pavement prior to placement
HT X X X of second slab.
Joint between new and existing pavements, dowels
RD X X X are used.
Joint between new and existing pavements, tie bars
RT X X X are used.
Longitudinal joint used when T < 8 inches,
BT-1 X X interchangeable with L-1 depending on paving
sequence.
Used when L-2 and the KT-2 are not possible, T >8
BT-2 X X inches.
Joint used between new and existing pavements. Tie
BT-3 X X bars are used when T > 8 inches.
Joint used between new and existing pavements. Tie
BT-4 X X bars are used when T > 8 inches.
Joint used between new and existing pavements. Tie
BT-5 X X bars are used when T < 8 inches.
K X X X | T>8inches, minimal usage.
g
KS X X X Used in reinforced pavements.
p
Longitudinal joint used when T < 8 inches,
KT-1 X X X interchangeable with L-1 depending on paving
sequence.
Longitudinal joint used when T > 8 inches,
KT-2 X X X interchangeable with L-2 depending on paving
sequence.
Longitudinal joint used when T > 8 inches,
KT-3 X X X interchangeable with L-3 depending on paving
sequence.
Longitudinal joint used when T < 8 inches,
L-1 X X X interchangeable with BT-1.
Longitudinal joint used when T > 8 inches,
L-2 X X X interchangeable with KT-2 depending on paving
sequence.
Longitudinal joint used with pavements of large
L-3 X X X width, interchangeable with KT-3 depending on
paving sequence.
CF X X X 4 inch expansion joint.
E X X X X 1 inch expansion joint.
ED X X X X X 1 inch doweled expansion joint.
EE X X X X X 2 inch doweled expansion joint.
EF X X X X X 4 inch doweled expansion joint.
ES X X Used in curb to match expansion joint in pavement.
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D. Transverse Dowel Bar Size and Length

Table 5G-2.03 reflects the dowel bar size and length based on the pavement thickness. This
information was obtained from the Portland Cement Association, the American Concrete Paving
Association, and American Highway Technology. The SUDAS and lowa DOT Specifications call for
dowels when the slab is 8 inches or greater. Dowels are typically set at 12 inch spacing. The
designer should note that a dowel bar that is too small induces high bearing stresses and causes the
concrete matrix around the dowel to deteriorate or elongate. Elongation of the dowel bar hole then
reduces the load transfer capabilities. Under special circumstances, smaller diameter and different
shaped dowel bars may be used in thinner slabs.

Table 5G-2.03: Dowel Bar Size and Length

Pavement Thickness Dowel Size Dowel Length
(inches) (diameter in inches) (inches)
8 11/4 18
9 11/4 18
10 11/2 18
11 1172 18
12 11/2 18

E. Jointed Reinforced Concrete Pavements

Jointed reinforced concrete pavements (JRCP), sometimes referred to as distributed steel reinforcing,
are not commonly used in lowa jurisdictions. However, variations of JRCP are used effectively by
several jurisdictions in lowa. Therefore, the following is provided as an explanation of JRCP.

JRCPs utilize bar mats between transverse joints. Typically, the bar mats extend full width across the
pavement, but with traditional JRCPs, they do not extend through the transverse joints. JRCPs use
many of the same types of joints as jointed plain concrete pavements (JPCP), but the tie bars for
longitudinal joints are replaced with the bar mats. Transverse joints, including doweled joints, are the
same for both types of pavements since the bar mats of traditional JRCP do not extend through the
transverse joints. Because of the bar mats, transverse joint spacing can be much longer than with
JPCP, usually 27 feet to 45 feet. JRCP should not be confused with continuously reinforced
pavement, which has very few or no joints.

JRCPs are used primarily to control cracking of concrete pavements, to provide for load transfer
between joints, and to maintain the structural integrity of the slab between transverse joints. Just like
JPCPs, random cracking of JRCPs may still occasionally occur even though the steel is present. The
steel serves to hold the cracks close together, thus preventing the progressive opening of the cracks
over time.

The added cost of the additional reinforcement for JRCPs is often offset by specifying a somewhat
thinner slab. However, as pointed out by the American Concrete Institute (ACI), “the use of
reinforcing steel will not add to the load-carrying capacity of the pavement nor compensate for poor
subgrade preparation or poor construction practices.” By holding random cracks tightly closed, it will
maintain the shear resistance of the slab, and, consequently, will maintain its load carrying capacity.
This improves the ride when the vertical displacement is controlled.

As mentioned previously, several jurisdictions in lowa specify a variation of JRCP. The lowa
variations of JRCP typically include extending the longitudinal reinforcing bars through the ‘C’ plain
transverse contraction joints. When ‘CD’ doweled transverse joints are specified, the longitudinal
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reinforcement does not extend through the transverse joints. In addition, the transverse joint spacing
is generally not lengthened as described for traditional JRCPs and follows the same guidelines as for
JPCP. Figures 5G-2.11 and 5G-2.12 illustrate JRCP details typically used in lowa.

Figure 5G-2.11: lowa Jointed Reinforced Pavement Detail - 26* Back-To-Back Street
(formerly SUDAS Specifications Figure 7010.1F)
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o
0

TYPICAL SPACING
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Figure 5G-2.12: lowa Jointed Reinforced Pavement Detail - 31° Back-To-Back Street
(formerly SUDAS Specifications Figure 7010.1G)
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F. Miscellaneous PCC Pavement Jointing Figures

Figure 5G-2.13: 49’ B/B and 53’ B/B PCC Pavement Jointing and Crown Detail

(formerly SUDAS Specifications Figure 7010.1C)
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Figure 5G-2.14: 49’ B/B and 53’ B/B C&G/HMA Pavement

(formerly SUDAS Specifications Figure 7020.2B)
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d Crown Detail

24’ Rural PCC Pavement Jointing an

Figure 5G-2.15

(formerly SUDAS Specifications Figure 7010.1D)
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Figure 5G-2.16: 48’ Rural PCC Pavement Jointing and Crown Detail

(formerly SUDAS Specifications Figure 7010.1E)
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SUDAS 5G - PCC Pavement Joints

Jointing Urban Intersections

This section describes examples on how to joint urban intersections. The process will be illustrated
through examples of different types of streets, pavement thickness, and intakes. Even though not all
urban intersections will be exactly like the one used in these examples, the process described is applicable
to other layouts.

During construction, it is likely that location changes will be necessary for some joints within an
intersection. The primary reason is to ensure that joints pass through fixtures like manholes or drainage
inlets that are embedded in the pavement. As a result, it will be desirable for the construction crew to
adjust the location of some joints so they coincide with the actual location of a nearby manhole. The
designer should consider placing a note on the plans to give the field engineer and contractor the latitude
to make appropriate adjustments.

It is common practice for some designers to leave intersection joint layout to the field engineer and
contractor. These designers often justify this practice by citing the many field adjustments that occur
during construction, which they contend negates the usefulness of a jointing plan. However, it is not
desirable to eliminate the jointing plan except for very simple intersections. A jointing plan and
appropriate field adjustments are both necessary for more complex intersections because islands, medians,
and turning lanes complicate joint layout and require some forethought before construction. The jointing
plan will also enable contractors to more accurately bid the project.

Example: This example is an intersection of a multi-lane street and a two-lane side street. The
intersection is curbed, includes several intakes, and the pavement thickness is 10 inches.

Step 1: Set Joints with Predetermined Locations

Because the location of longitudinal joints for both streets is normally predetermined, these joints should
be set first.

Within the intersection, the street that is paved first determines which joints are longitudinal and which
are transverse. Generally, the mainline street will be paved prior to the side street. Therefore, the
longitudinal joints running down the side street define the locations of the first transverse joints for the
mainline (see Figure 5G-3.01).

To determine an appropriate longitudinal joint to use, refer to SUDAS Specifications Figure 7010.901.
The type of joint used may depend on the pavement thickness. Since the pavement thickness is greater
than 8 inches in this case, either a KT-2 or an L-2 joint is appropriate.

Step 2: Locate Difficult Joints

Intake locations and the boxouts at the corner radii of the intersection are addressed next. After joints
have been placed at these locations, the rest of the joints can be worked in around them.

1. Joints at Intakes: The location of intakes is determined before the joints are laid out, so joints
have to be worked in around them. To start out with, straddle the intake with two transverse
joints spaced according to the standard joint length. These joints can be repositioned later if it
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helps with the placement of other joints. In the final layout, the intake should be centered
between the joints, and adjacent joints should be adjusted accordingly. See the appropriate intake
boxout figure in SUDAS Specifications Section 6010 for boxout length requirements.

CD joints should be used on the mainline since the pavement thickness is greater than 8 inches.
However, the CD joints straddling the intake do not extend all the way through the curb and
gutter. The joints immediately surrounding the intake are specified on the detail plates and are
shown in the example.

2. Joints at Boxouts: Before the mainline is paved, small areas near the corners are boxed-out.
These boxed-out areas (shaded in Figure 5G-3.01) are poured later, after the mainline has been
paved. If the paver were to proceed straight through this area, instead of using boxouts, the
returns of the city street would narrow to a point where they meet the mainline. Pavement less
than 2 feet in width is weak and cracks readily. By using boxouts, this situation can be avoided
without the expense of stopping the paver at the intersection.

Although the width of boxouts is normally the same as the roadway’s gutter width, the size and
shape of boxouts varies depending on where they are used. If placing joints around the boxout,
remember to maintain intersecting angles greater than 70 degrees and joints at least 2 feet long.
KT-2 or L-2 joints are used around the boxout. Figure 5G-3.01 illustrates joints properly placed,
both around the boxouts and extending outward from them.

Step 3: Locate Remaining Joints

After the joints at intakes and boxouts are located, the remaining joints (generally transverse joints) are
located in appropriate locations. The maximum spacing for CD joints is 20 feet (greater than 9 inch
pavement) and the minimum spacing is typically 12 feet. Therefore, the remaining areas on the mainline
that need transverse joints should have CD joints spaced within this range. Since the design year truck
volume on the adjoining street is less than 200 vpd, C transverse joints are used there.

In Figure 5G-3.02, the C joints on the city street nearest the corners are skewed perpendicular to the free
edge of the pavement. If this joint were carried straight through, instead of skewed, the acute angle
between the joint and the free edge of the pavement would be less than 70 degrees, which is not
acceptable.

After all joints are located, the layout should be checked to ensure that all joint spacings and angles are
acceptable. Figure 5G-3.02 shows all of the transverse joints appropriately located.

Step 4: Label Joints

The completed jointing layout of the intersection is shown in Figure 5G-3.02. For pavements 8 inches or
greater, the L-2 and KT-2 joints may be used interchangeably, at the contractor’s discretion, depending on
the paving sequence. Therefore, the designer may identify the longitudinal joints as either L-2 or KT-2
on the jointing layout.

It is not necessary to identify every joint on the jointing layout. A few key joints on the diagram should
be identified and whenever a series of joints changes to a different type of joint, the joint at the location of
the change should be identified. Also, any joint that may be a source of confusion should be identified.

Joint lengths are also shown on the jointing layout, normally rounded to the nearest foot. Similar to
labeling joint types, not every length needs to be identified. However, any length that cannot be inferred
from the diagram should be labeled.
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Figure 5G-3.01: Locating Predetermined and Difficult Joints
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Figure 5G-3.02: Final Jointing Layout
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Section 5G-3 - Jointing Urban Intersections

Chapter 5 - Roadway Design

Figure 5G-3.03: Typical Municipal Jointing at Multiple Intersection Locations

(SUDAS Specifications Figure 7010.904)
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Chapter 5 - Roadway Design Section 5G-3 - Jointing Urban Intersections

A. Jointing Urban Transition Areas

This section provides examples of how to joint transition areas, such as approaches, to intersections.
Many times, approaches to intersections are wider than the street and thus require a transition section.

The importance of considering constructability when developing jointing layouts for transition areas
cannot be overstated. As previously noted, lane delineation with jointing should not be the
predominate factor in joint layouts, particularly in urban areas. Critical lane delineation can be
handled with other methods, such as pavement markings and a raised island.

Therefore, adequate jointing should be governed by the function of the joint, proper load transfer, and
constructability.

Two basic widening types (with and without medians) are shown in the following figures. There are:

1. Two-lane to Three-lane: (i.e. 31 foot to 41 foot)
e Quarter-point jointing
o Concentric widening (Figure 5G-3.04)
o One side widening (Figure 5G-3.05)
e Third-point jointing
o Concentric widening (Figure 5G-3.06)
o One side widening (Figure 5G-3.07)
e Gutterline jointing
o Concentric widening (Figure 5G-3.08)
o One side widening (Figure 5G-3.09)

2. Four-lane to Five-lane:
e Concentric widening (Figure 5G-3.10)
e Widening one side (Figure 5G-3.11)
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Figure 5G-3.04: Quarter-Point Jointing - Concentric Widening (31 Foot to 41 Foot)
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Section 5G-3 - Jointing Urban Intersections

Figure 5G-3.05: Quarter-Point Jointing - Widening One Side (31 Foot to 41 Foot)
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Section 5G-3 - Jointing Urban Intersections

Figure 5G-3.06: Third-Point Jointing - Concentric Widening (31 Foot to 41 Foot)
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Figure 5G-3.07: Third-Point Jointing - Widening One Side (31 Foot to 41 Foot)
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Figure 5G-3.08: Guitterline Jointing - Concentric Widening (31 Foot to 41 Foot)
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Figure 5G-3.09: Gutterline Jointing - Widening One Side (31 Foot to 41 Foot)
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Figure 5G-3.10: Concentric Widening - Four Lane to Five Lane
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Figure 5G-3.11: Widening One Side - Four Lane to Five Lane
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B. Jointing Cul-de-sacs

This section describes how to joint a cul-de-sac. The process is illustrated through an example of a
street that is terminated with a cul-de-sac. Assume the pavement thickness is 7 inches.

Step 1: Locate Longitudinal Joints

The longitudinal joints running down the street should be extended into the cul-de-sac. The
remaining longitudinal joints in the cul-de-sac should be placed roughly a lane width apart -
somewhere in the range of 8 to 12 feet is acceptable.

A BT-1or L-1 is an appropriate longitudinal joint, since the pavement thickness is less than 8 inches.
Step 2: Locate Transverse Joints

The next step is to place the transverse joints. The maximum spacing for transverse joints is 15 feet
and the minimum spacing is 12 feet. Therefore, the joints within the cul-de-sac should be spaced
within this range (see Figure 5G-3.12).

A C joint is the appropriate joint to use since the pavement thickness is less than 8 inches.
Step 3: Extend Joints Through the Free Edge of the Pavement

When extending the previously placed joints through the free edge of the pavement, the acute angle
between the joint and the pavement edge (and between the joint and other joints) must be greater than
or equal to 70 degrees. Also, all joints should be at least two feet long. Details A, B, and C in Figure
5G-3.13 illustrate how this can be accomplished.

e Detail A shows a transverse joint that is extended through the free edge of the pavement
unaltered. These are acceptable because all angles between the transverse joint and the
longitudinal joints and between the transverse joint and the free edge of the pavement are greater
than 70 degrees.

e Detail B uses a dashed line to show the original position of a transverse joint whose angle, with
the free edge of the pavement, is less than 70 degrees. This joint should be skewed to make it
perpendicular to the free edge of the pavement, as shown by the solid line.

o Detail C illustrates a situation where skewing the joint to make it perpendicular to the free edge of
the pavement would cause the angle between the joint and a longitudinal joint to be less than 70
degrees (shown by the dashed line). When this situation occurs, the joint is extended a minimum
of two feet beyond the longitudinal joint, and then it is skewed to make it perpendicular to the
free edge of the pavement. Both segments of the joint should be at least two feet long.

Step 4: Label Joints

The completed jointing layout for the cul-de-sac is shown in the figures that follow. The L-1 and BT-
1 joints may be used interchangeably, at the contractor’s discretion, depending on the paving
sequence. Therefore, the designer may identify the longitudinal joints as either L-1 or BT-1 on the
jointing layout.

Because the majority of the joints are either the C or the BT-1 or L-1, it is not necessary to identify
every joint on the jointing layout. A note on the plan describing the transverse joints as C and
longitudinal joints as L-1 or BT-1 except as noted otherwise is sufficient, provided that a few key
joints on the diagram are identified. Whenever a series of joints changes to a different type of joint,
the joint at the location of change is identified. Any joint that may be a source of confusion should
also be labeled.
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Joint lengths are also shown on the jointing layout, normally rounded to the nearest foot.

Similar to

labeling joint types, not every length needs to be indicated. However, any length that cannot be

inferred from the diagram should be labeled.

Figure 5G-3.12: Placement of Longitudinal and Transverse Joints
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Figure 5G-3.13: Final Jointing Layout - Gutterline Jointing Examples
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Section 5G-3 - Jointing Urban Intersections

Figure 5G-3.14: Cul-de-sac Joint Locations - Quarter-point Jointing Examples
(SUDAS Specifications Figure 7010.905, sheet 1)
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Figure 5G-3.15: Cul-de-sac Joint Locations - Third-point Jointing Examples
(SUDAS Specifications Figure 7010.905, sheet 2)
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Figure 5G-3.16: Cul-de-sac Joint Locations - Gutterline Jointing Examples
(SUDAS Specifications Figure 7010.905, sheet 3)
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Chapter 5 - Roadway Design

SUDAS 5G - PCC Pavement Joints

Jointing Rural Intersections

This section describes how to joint rural intersections by following the guidelines outlined in lowa DOT
Design Manual Section 7A-3. The first example illustrates a step-by-step process for jointing a T-
intersection. The second example discusses the jointing of an intersection at a divided highway. Even
though not all rural intersections will be exactly like the ones in these examples, the process described is
applicable to other layouts.

A. Example 1: T-Intersection

The first example is a T-intersection of a rural two-lane highway and a paved sideroad. The
intersection has returns on each side (see Figure 5G-4.01) and the pavement thickness is 10 inches.
The design year truck volume on the sideroad is 250 vpd.

Step 1: Place Joints with Predetermined Locations

1. Longitudinal Joints: Because the location of longitudinal joints for both the mainline and the
sideroad are predetermined by the lane pavement width, these joints should be placed first.
Within the intersection, the road that is paved first, or already exists, determines which joints are
longitudinal and which are transverse. In this example, assume that the mainline is paved first.
Since the mainline is a rural two lane highway, the longitudinal joints are spaced at the lane
pavement width. The longitudinal joints running down the centerline and edges of the sideroad
define the locations of the first transverse joints for the mainline (see Figure 5G-4.01).

To determine an appropriate longitudinal joint to use, refer to SUDAS Specifications Figure
7010.101. Normally, the type of joint used depends on the pavement thickness. Since the
pavement thickness is greater than 8 inches in this case, either a KT-2 or an L-2 joint is
appropriate.

2. Joints at End-of-taper: The only other joints with predetermined locations are the transverse
joints that are placed where the end-of-taper sections terminate. End-of-taper sections are 2 foot
wide sections placed at the ends of an intersection return (see Figure 5G-4.01). They are used to
prevent the return from narrowing to a point as it intersects with the pavement. Concrete less
than 2 feet in width is weak and cracks readily.

As Figure 5G-4.01 shows, normal practice is to place a transverse joint in the mainline or
sideroad pavement where the end-of-taper section terminates. Figure 5G-2.02 in Section 5G-2
indicates a CD joint should be used on the mainline if the pavement thickness is greater than or
equal to 8 inches. On the sideroad, CD joints are also used since the design year truck volume is
greater than 200 vpd (C joints could be used on the sideroad if the design year truck volume was
less than 200 vpd).

Note that the transverse joints within the intersection are not skewed.
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Step 2: Locating Difficult Joints

Difficult locations to joint, such as intersection returns and traffic islands, are addressed next. After
joints have been placed in these locations, the rest of the joints can be worked in around them.

1.

Intersection Returns: The two intersection returns are shaded in Figure 5G-4.01. To help
vehicles negotiate the turn, a curved longitudinal joint (normally offset 12 feet from the free edge
of the pavement) is placed in the intersection return to delineate the turning path. A second
curved longitudinal joint (normally offset 24 feet from the free edge of the pavement) is placed if
enough area is available.

Traffic Islands: Joint design at the traffic islands is not an exact process. It is done by trial-and-
error until satisfactory results are achieved.

The first thought may be to place CD transverse joints at every radius point of the island (see
Figure 5G-4.01, Detail A). However, with this layout, the 20 foot maximum and 12 foot
minimum spacings for a CD joint are violated.

Detail B shows joints at the desired 20 foot interval. Although the spacing of this placement is
correct, an awkward area of pavement is formed and a crack is likely to develop as shown in
Detail B.

Detail C illustrates a combination of the methods used in the first two details. No rules of spacing
are violated and no awkward areas of pavement exist.

The transverse joints attached to the island are extended across the sideroad and mainline
pavements and across the intersection return adjacent to the island, as shown in Figure 5G-4.01.
The joints used in one area must also be acceptable for any other areas into which they are
extended. If the extended joints do not satisfy spacing or other criteria in any adjacent areas, they
must be redesigned in the original area.

Step 3: Locating Remaining Joints

After the joints at difficult locations are located, the remaining joints (generally transverse joints) are
placed in appropriate locations. As noted in Step 1, the appropriate transverse joint for both the
mainline and the sideroad is the CD joint. The maximum spacing for CD joints is 20 feet and the
minimum spacing is 12 feet. Therefore, the remaining areas that need transverse joints should have
CD joints spaced within this range.

1.

Mainline and Sideroad: The location of the remaining transverse joints on the mainline and
sideroad is largely determined by the location of joints already placed in Steps 1 and 2 (see Figure
5G-4.01). The remaining joints are spaced between 12 and 20 feet between these already-placed
joints. However, you must also consider how these joints will be extended into the returns
(described below).

Intersection Returns: After the transverse joints have been located in the mainline and the
sideroad, they are extended into the intersection returns to be used as transverse joints for those
areas as well. As with other transverse joints, those in intersection returns must intersect with the
free edge of the pavement. However, the acute angle between the joint and the pavement edge
(and between the joint and other joints) must be greater than or equal to 70 degrees. Details A, B,
C, and D in Figure 5G-4.02 illustrate how to intersect joints with the free edge of the pavement
(and with other joints) under various conditions.
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o Detail A shows a transverse joint that intersects with the free edge of the pavement unaltered.
This is acceptable because all angles between the transverse joint and the longitudinal joints
and between the transverse joint and the free edge of the pavement are greater than 70
degrees.

e Detail B uses a dashed line to show the original position of a transverse joint whose angle
with the free edge of the pavement is less than 70 degrees. This joint should be skewed to
make it perpendicular to the free edge of the pavement, as shown by the solid line.

o Detail C illustrates a situation where skewing the joint to make it perpendicular to the free
edge of the pavement causes the angle between the joint and the edge of the mainline to be
less than 70 degrees. When this situation occurs, the joint is extended a minimum of 2 feet
beyond the edge of the mainline or sideroad, and then it is skewed to make it perpendicular to
the free edge of the pavement.

o Detail D shows the curved longitudinal joints that were placed in the intersection return in
Step 2. Each of these joints terminates at an intersection with a transverse joint. The
intersection of these joints is required to be at least 2 feet from the edge of the mainline or
sideroad. This requirement determines the appropriate transverse joint at which the
longitudinal joint terminates. The dashed line in the detail indicates the position of the
longitudinal joint if it is extended too far. Because the intersection with the transverse joint is
less than 2 feet from the pavement edge, the longitudinal joint is terminated at the previous
transverse joint.

After all joints are placed, the layout should be checked to ensure that all joint spacings and
angles are acceptable. If they are not, the spacing of the mainline or sideroad joints may need to
be changed, one or more joints may be added, or joints within the returns may be modified.
Figure 5G-4.02 shows all of the transverse joints appropriately placed.

Step 4: Label Joints

The completed jointing layout of the T-intersection is shown in Figure 5G-4.03. As stated on
SUDAS Specifications Figure 7010.101, the L-2 and KT-2 joints may be used interchangeably at the
contractor’s discretion, depending on the paving sequence. Therefore, the designer may identify the
longitudinal joints as either L-2 or KT-2 on the jointing layout. The transverse joints in the end-of-
taper sections are C joints because they are only 2 feet long, which are not long enough to use a
doweled transverse joint like the CD. The joints on the right side of the traffic island are also C
joints.

It is not necessary to identify every joint on the jointing layout. A few key joints on the diagram
should be identified and whenever a series of joints changes to a different type of joint, the joint at the
location of the change should be identified. Also, any joint that may be a source of confusion should
be identified.

Joint lengths are also shown on the jointing layout, normally rounded to the nearest foot. Similar to
labeling joint types, not every length needs to be indicated. However, any length that cannot be
inferred from the diagram should be labeled. For example, the distance the mainline or sideroad
transverse joints extend into the intersection returns before being skewed perpendicular to the free
edge of the pavement, should be dimensioned (see Figure 5G-4.03).
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B. Example 2: Intersection at a Divided Highway

The jointing design process for a four-way intersection at a divided highway is basically the same as
the T-intersection, except that there is also a paved median opening to deal with.

As with the T-intersection, start out by placing the longitudinal joints that are predetermined by the
lane pavement width. After doing this, place longitudinal joints through the opening (see Figure 5G-
4.04). The edges of the left-turn lanes define the location of two of these joints. The remaining
longitudinal joints in the opening are spaced roughly a lane width apart - somewhere in the range of
10 to 16 feet is acceptable.

After this, the process is basically the same as the T-intersection:

e Place the transverse joints at the end-of-taper sections.

e Place the curved longitudinal joints in the return.

o Place the transverse joints around the islands. Figure 5G-4.04 illustrates the design through this
point.

e Place the remaining transverse joints and extend them into the returns and into the median
opening. Refer back to the T-intersection example for details on how the joints should intersect
with the free edge of the pavement and with other joints.

o Label the joints.

Figure 5G-4.05 illustrates the final jointing layout.
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Chapter 5 - Roadway Design

Figure 5G-4.01: Placement of Predetermined and Difficult Joints
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Section 5G-4 - Jointing Rural Intersections

Chapter 5 - Roadway Design

Figure 5G-4.02: Placement of Remaining Joints
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Figure 5G-4.03: Final Joint Layout
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Section 5G-4 - Jointing Rural Intersections

Figure 5G-4.04: Placement of Predetermined and Difficult Joints
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Section 5G-4 - Jointing Rural Intersections

Figure 5G-4.05: Final Jointing Layout
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LSUDAS 5G - PCC Pavement Joints

Jointing Concrete Overlays

A. General Information

Bonded and unbonded concrete overlays can be placed on existing concrete pavements, asphalt
pavements, and composite pavements. Although some normal joint design criteria apply to all
concrete overlays, the various overlay options require special design considerations. For the purposes
of this section dealing only with jointing guidance, guidelines for concrete overlays over asphalt and
composite pavements are combined because of their similarity.

B. Bonded Concrete Overlays
1. Bonded Concrete Overlays of Concrete Pavements:

a. Joint Design: The bonded overlay joint type, location, and width must match those of the
existing concrete pavement in order to create a monolithic structure. Matched joints
eliminate reflective cracking and ensure that the two layers of the pavement structure move
together, helping maintain bonding. To minimize curling and warping stresses, some
agencies have successfully created smaller overlay panels by sawing additional transverse
and longitudinal joints in the overlay between the matched joints. An important element in
transverse joint design is joint dimensions. The depth of transverse joints should be full
depth plus 0.50 inch. To prevent debonding, the width of the transverse joints should be
equal to or greater than the width of the underlying joint or crack in the existing pavement. If
the pavement system experiences expansion and the overlay pushes against itself because the
width of the transverse overlay joint is less than the width of the underlying existing
pavement crack, debonding may occur. The width of the existing underlying pavement crack
may be determined by spot excavating along the pavement edge. Longitudinal joints should
be sawed at least one-half the thickness of the overlay. Tie bars, dowel bars, or other
embedded steel products are not used in bonded concrete overlays to minimize restraint
forces in the bond.

b. Joint Sawing: Timely joint sawing is necessary to prevent random cracking. Sawing should
begin as soon as the concrete is strong enough that joints can be cut without significant
raveling or chipping. Lightweight early-entry saws allow the sawing crew to get on the
pavement as soon as possible. To help match transverse joint locations, place guide nails on
each edge of the existing pavement at the joints; after the overlay is placed, mark the joint
with a chalk line connecting the guide nails.

2. Bonded Concrete Overlays of Asphalt and Composite Pavements:

a. Joint Design: The recommended joint pattern for bonded overlays of asphalt is small square
panels, typically in the range of 3 to 8 feet, to reduce curling and warping stresses. It is
recommended the length and width of joint squares, in feet, be limited to 1.5 times the
overlay thickness in inches. In addition, if possible, longitudinal joints should be arranged so
that they are not in the wheel path. The use of tie bars or dowels is not necessary because of
the small panel spacings.
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b. Joint Sawing: Timely joint sawing is necessary to prevent random cracking. Joint sawing
should commence as soon as the concrete has developed sufficient strength so that joints can
be cut without significant raveling or chipping, typically within 3 to 6 hours of concrete
placement. Lightweight early-entry saws with 1/8 inch wide blades may be used to allow the
sawing as soon as possible. Transverse joints can be sawed with conventional saws to a
depth of T/4. Transverse joint sawcut depths for early-entry sawing should not be less than
1.25inch. Longitudinal joints should be sawed to a depth of T/3. Joint sealing is not
required.

C. Unbonded Concrete Overlays
1. Unbonded Concrete Overlays of Concrete Pavements:

a. Joint Design: Load transfer is better in unbonded overlays of concrete pavements than in
new JPCPs because of the load transfer provided by the underlying pavement. Doweled
joints are used for unbonded overlays of pavements that will experience significant truck
traffic, typically pavements 8 inches and thicker. Joints are typically mismatched to
maximize load transfer from the underlying pavement. Shorter joint spacing should be used
to reduce the risk of early cracking due to enhanced curling caused by the stiff support
provided by the underlying pavement (see Table 5G-5.01). Using lane tie bars may be
appropriate in open-ditch (or shoulder) sections of unbonded overlays if the overlay is 5
inches or greater. In this category, a #4 tie bar (0.50 inch) may be appropriate. The use of tie
bars in confined curb and gutter sections should be considered if the overlay is 6 inches or
greater.

Table 5G-5.01: Typical Transverse Joint Spacing

Unbonde(_j Resurfacing Maximum Transverse Joint Spacing
Thickness
<5inches 6 x 6 foot panels
5to 7 inches Spacing in feet = 2 times thickness in inches
> 7 inches 15 feet

Source: Harrington, 2008.

b. Joint Sawing: Timely joint sawing is necessary to prevent random cracking. Transverse
joints can be sawed with conventional saws to a depth of between T/4 (minimum) and T/3
(maximum), but not less than 1.25 inch. Transverse joint sawcut depths for early entry
sawing should not be less than 1.25 inch. Saw longitudinal joints to a depth of T/3.

2. Unbonded Concrete Overlays of Asphalt and Composite Pavements:

a. Joint Design: The load transfer design is the same as for new concrete pavements. Doweled
joints are used for unbonded overlays of pavements that will experience significant truck
traffic, typically pavements 8 inches and thicker. For pavements less than 6 inches thick, the
maximum spacing in feet is 1.5 times the slab thickness in inches. For pavements 6 inches
thick or greater, a maximum joint spacing in feet of two times the slab thickness in inches is
often recommended for unbonded overlays. A 6 inch overlay would thus receive a maximum
12 foot joint spacing. The maximum recommended spacing is typically 15 feet. The use of
tie bars for unbonded overlays should follow conventional use for pavements 5 inches thick
or more. Using lane tie bars may be appropriate in open-ditch (or shoulder) sections of
unbonded overlays if the overlay is 5 inches or greater. In this category, a # 4 tie bar (0.50
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inch) may be appropriate. The use of tie bars in confined curb and gutter sections should be
considered if the overlay is 6 inches or greater.

b. Joint Sawing: Timely joint sawing is necessary to prevent random cracking. Transverse
joints can be sawed with conventional saws to a depth of between T/4 (minimum) and T/3
(maximum). When there is evidence of some wheel rutting on the existing asphalt pavement,
sawcut depth is of particular concern for unbonded overlays because the distortions in the
underlying asphalt pavement can effectively increase the slab thickness. Transverse joint
sawcut depths for early-entry sawing should not be less than 1.25 inch. Longitudinal joints
should be sawed to a depth of T/3. Always match overlay joints to the joints in any concrete
patches in the existing pavement and cut the joints full depth.
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Table 5G-5.02: General Jointing Practices for PCC Overlays

Bonded O\?eorrllz(ij;sd of Unbonded g\?ebr(l)g;/jsegf
Construction Consideration of Joints Overlays of Overlays of
Concrete Asphalt or Concrete Asphalt or
Composite Composite
Typical Thickness: 3to4inch 3to4inch 510 12 inch 5t0 12 inch
Joint spacing for concrete overlays requires special consideration for each type:
¢ Joints are to be matched with underlying concrete to X
prevent cracking.
e Joints are typically mismatched to maximize load X
transfer from the underlying pavement.
e Recommended length and width of panels in feet should X X
be limited to 1.5 times the overlay thickness in inches.
o Because of the potential for higher curling and warping
stress from a rigid underlying pavement, shorter than X X
normal spacing is typical.
Joint sawing:
e The timing of sawing is critical. Sawing joints too early X X X X
can cause excess raveling.
e Sawing must be completed before curl stresses exceed X X
the bond strength developed.
e Sawing too late can cause excess stresses, leading to X X X X
uncontrolled random cracking.
L . Full Depth T/4 min. - T/4 min. - T/3
o Transverse joint saw-cut depth for conventional saws. +0.50 inch T/4 T/3 max. max.
e Transverse joint saw-cut for early-entry saws. fl(J)HsoD?r?:;?\ Notin<cr1].25 NOE:Crl]'ZS Not < 1.25 inch
¢ Longitudinal joint saw-cut depth. T/2 (at least) TI4-TI3 TI4-TI3 T/4-T/3
e Transverse joint width must be equal to or greater than
the underlying crack width at the bottom of the existing X
transverse joint.
e Joint type, location, and width must match those of the X
existing pavement to create a monolithic structure.
o Recommended joint pattern is square panels X
Sealing:
¢ Seal joint using low-modulus hot-pour sealant with X o x -
narrow joint.
Other considerations:
o Doweled joints are used for pavements that experience X X
heavy truck traffic, 8 inch pavements and thicker.
o Lane tie bars may be appropriate in open ditch (or
shoulder) sections of unbonded overlays if the overlay is X X
5 inches or greater.
e Tie bar use in curb and gutter sections should be X X

considered if the overlay is 6 inches or greater.

* Some states have experienced problems with asphalt stripping of the separation layer, particularly under heavy truck traffic
and high speeds. Therefore, sealing is important in these conditions. On lower speed roadways without a heavy traffic

loading, some states successfully do not seal.
** Joint between overlay and non-integral curb and gutter.

Source: Harrington, 2008.

D. References

Harrington, D. Guide to Concrete Overlays: Sustainable Solutions for Resurfacing and Rehabilitating
Existing Pavements. Second Ed. National Concrete Pavement Technology Center, lowa State
University. ACPA publication no. TB021.02P. 2008.

Revised: 2013 Edition




j 5G-6
owa Design Manual
Chapter 5 - Roadway Design

SUDAS 5G - PCC Pavement Joints

Jointing Concrete Roundabouts

A. General Information

Roundabouts are an increasingly popular intersection type due to their traffic flow and safety
characteristics. When using concrete for the roundabout, it is critical to develop a workable jointing
plan to make sure the joint layout will be constructed properly. The jointing plan is the key by which
the joints will be correctly located. Because concrete jointing is sometimes used for lane delineation,
it is important to recognize the impact of the jointing plan on drivers who are unfamiliar with the
operation of roundabouts.

The jointing plan should avoid the following:
e Slabs less than 2 feet wide

Slabs greater than 15 feet wide

Angles less than 60 degrees

Creation of interior corners

Creation of odd shapes

B. Types of Jointing Patterns

There are three general types of overall jointing plans, including isolation, pave-through, and
pinwheel. Very early in the design process, the type of jointing plan needs to be selected because of
the impact the jointing plan has on the overall design. It is important to note that, in general, the
joints in the circular portion should radiate from the center and the joints in the legs should be
perpendicular to the circle. The apron paving must be isolated from the vehicle lane paving. If the
inner circle is paved, provide an isolation joint between it and the truck apron. Jointing on the inner
circle should also radiate from the center point but care is needed to prevent the creation of small
slabs. The construction staging required for the project will influence selection of the jointing type.
The designer should understand that once the contract is let, the successful contractor may request
modification in the jointing plan to better fit the contractor’s equipment and processes. The designer
should closely evaluate any requests for change in the jointing plan in order to ensure that the original
objectives are maintained. The same types of joints are used for roundabouts as for any other
concrete pavements and the same rules for construction apply.

The type of jointing pattern to be used is dependent on the project staging and if a specific directional
movement(s) is to be emphasized. The jointing plans for double lane, single lane, and mini-
roundabouts follow the same philosophy. Since the total inscribed circle for mini-roundabouts is
paved, the jointing pattern will most often follow the isolated circle type, but pave through can also be
used. Pinwheel jointing is generally not used for single lane and mini-roundabouts. Splitter islands
for some mini-roundabouts may be formed by painted lines so the jointing pattern is not impacted.

Because all approach legs of 